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TRANSLATOR'S    PREPACK 


The  volume  now  offered  to  the  members  of  the  Cavendish 
Society  h  the  first  part  of  a  translation  of  Gmelin's  ^^Handhuck  der 
Chemie^^  comprising  the  General  Laws  of  Chemical  Action,  and 
the  Chemical  Relations  of  Light,  ITcat,  and  Electricity.  The 
publication  of  the  last  edition  of  this  Great  Standard  Work  was 
commenced  by  the  author  in  1843, — since  which  time,  these 
branches  of  science  have  been  enriched  by  many  important  dis- 
coveriea.  A  full  account  of  the  whole  of  these  researches  would 
have  extended  the  volmne  to  too  great  a  length;  I  have  therefore 
contented  myself  witli  introducing  the  most  important.  Tlie  prin- 
cipal additions  relate  to  the  following  subjects; — Relation  between 
Atomic  Weight  and  Density; — Relation  of  Light  to  Magnetism; 
the  Calotype  Process;  Thermography;— Radiation  and  Conduc- 
tion of  Heat;  Expansion;  S|>eciiic  Heat;  Latent  Heat  of  Liquids 
imd  of  VajKmre;  Tension  of  Vapours;  Liquefaction  and  Solidifi- 
cation of  Gases:  Development  of  Heat  in  Chemical  Combination; 
Decomposition  of  Water  by  Heat; — Development  of  Electricity 
by  the  escape  of  High-pressure  steara;  Grove's  Gas  Voltaic  Bat- 
tery ;  and  the  Magnetic  Condition  of  all  Matter. — Additions  have 
likewise  been  made  to  the  lists  of  Memoirs  at  the  heatls  of  the 
chapters.  The  new  matter  is  kept  quite  distinct  from  the  original; 
ttiore  complete  incorporation  would  have  required  alterations  in 
the  text,  which  a  translator  is  by  no  means  justified  in  making, 

A  few  words  are  necessary  with  regard  to  nomenclature.  In 
the  portion  of  the  work  included  in  the  present  volume, — relating 
principally  to  physical  science, — ^it  has  been  the  Author's  practice 
rather  to  copy  or  trauitlate  the  tenns  used  by  the  different  writers 
from  whose  works  or  memoirs  he  has  borrowed,  than  to  adopt  a 
etrictly  systematic  uouicticlature.  A  similar  course  is,  for  the 
moft  part,  pursued  in  the  translation,; — retaining,  for  example, 
the  ordinary  terms,  sulphurtft  and  phosphurcty  instead  of  the  more 
systematic  appellations,  sulphide  and  phosphide,  proposed  by  Pi-o- 
fessors  Graham  and  Hofmaun.     It  is  true  that  this  mode  of  pro- 
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ceeding  renders  the  nomenclature  adopted  In  the  present  volume 
somewhat  different  from  that  which  will  be  employed  in  the 
sequel:  but  the  differences  thereby  occasioned  are  not  likely  to 
create  confiision,  especially  as  the  nomenclature  to  be  used  in  the 
remainder  of  the  work  will  be  fiilly  explained  in  the  course  of  the 
second  volume. 

The  names  of  several  of  the  elements  in  the  original  are  some- 
what different  from  those  in  common  use;  for  instance,  the  ordi- 
nary terms  Magnesiumy  Aluminum,  and  Glucinumy  are,  for  the  sake 
of  brevity,  replaced  by  Magnium,  Alumium,  and  Gfycium.  These 
alterations  it  is  impossible  to  retain  in  an  English  translation;  for 
the  adoption  of  them  would  render  it  necessary  to  substitute  the 
corresponding  terms  Magniay  Alumia,  and  Glycia,  for  Magnesia, 
Alumina,  and  Gluana,—An  alteration  which  we  are  scarcely  at 
liberty  to  make,  especially  with  words  of  such  common  occurrence 
as  magnesia  and  alumina.  In  German,  the  same  difficulty  does  not 
occur:  for  the  names  of  the  three  oxides  in  question  are  totally 
different  in  form  from  those  of  the  corresponding  metals,  viz. 
Talkerde  for  magnesia,  Thonerde  for  alumina,  and  Beryllerde  for 
glucina. 

The  decimal  weights  and  measures  employed  in  the  original 
have  been  retained  in  the  translation.  If  it  should  be  thought 
necessary,  in  any  particular  instance,  to  ascertain  the  equivalent 
values  in  the  English  system,  the  required  data  will  be  found  in  a 
table  near  the  beginning  of  the  work  (p.  ix).  For  the  most 
part,  however,  such  reductions  may  be  entirely  dispensed  with: 
for  scientific  chemistry  is  more  concerned  with  relative  than  with 
absolute  magnitudes;  and  therefore,  the  particular  unit  or  mode  of 
subdivision  adopted  is  unimportant,  except  in  so  far  as  convenience 
and  simplicity  are  concerned;  and  in  these  respects,  the  decimal 
system  is  incomparably  superior  to  every  other.  In  some  few  in- 
stances, in  which  absolute  magnitudes  are  of  special  importance, 
the  English  equivalents  are  given  in  addition  to  the  original  data 
in  the  decimal  system. 

H.  W. 

University  College, 
December,  1848. 
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Sill,  Am.  J, — The  American  Jonnial  of  Science  and  Arts;  by  Silliman. 

Newhaven.     1811^-45,     49  Vol     Second  Series,  Vol  1 — 3.     Con- 
tinued. 
Brugn,  Giom, — Giomale  di  fisica,  chimica,  e  storia  naturale,  di  Luigi 

(latterly  by  Cf^itpari)  BrugnatelH,     Pavia,     1808-26.     13  Vol 
i5i6/.  i^a/,— Bii;iiothe€a  itfiliana.     Milano.     181C-40.     100  Vol 
Bergman,    Opnsc. — Torbrmi   Bergnian:   Opuscula    physica  at  cliemica* 

Holm,  Ups,  et  Aboro.     1779-90,     6  Vol 
Sckeele  Opusc, — Car,  GuiL  Sc/teele:  OpuBcula  chemlca  et  physica.     Lipe, 

1788—1789.     2  Vol 
KUxproth  Beitr, — Beitra^  2ur  chemischen  Kenntuiss  der  Minoral-korijer, 

von  M,  H.  Klaprotk     Berl  u,  Stett.     1795—1815.     «  Vol 
Dalton^  Sf/gtem, — A  new  System  of  the  ChcuiicHl  part  of  Natural  Philo- 

BOii>Uy,hy  John  Dalton,     Manchester.      1808.     2  Vol 
Davg,  Elan.— Elmnmis  of  the  Chemical  part  of  Natural  Philosophy,  by 

Sir  Hnmphrg  Davy,     London.     1810. 
Gajf-Lussac  et  Thenard,  Recherch, — Recherches   nhyaico-chimiquee,  par 

Gajf-Luuac  €t  Thimrd.    Paris*     181L     2  Vol 


Tlii  ABBREVIATIONS. 

Bertelitu  Jahresb, — Jahresbericht  iiber  die  Fortachritte  der  pbysischen 
Wiflsenschaften^  von  Jacob  Berzdius.  Tubingen.  1822-47.  26 
Vol. 

Bendiut  Lehrb. — ^Lehrbuch  der  Chemie,  von  J,  J.  Berzelius.  Dritte 
Auflage.     Dresden  und  Leinzig.     1833-41.     10  Vol. 

MiUcherliSi  Lehrb, — ^Lehrbuch  der  Ghemie,  yon  E,  MUscherlich.  Avfi. 
2.     Berlin.     1834-40.    2  Vol. 

Graham  Elements, — Elements  of  Chemistry,  by  I%(>mas  Graham.  Lon- 
don.    1842. 

Graham  Lehrb, — A  translation  of  the  same  into  German,  by  F.  J.  Otto. 
Brunswick.     1840-41.     2  Vol. 

J7.  Rose.  Anal,  Chem, — Handbuch  der  analjrtischen  Chemie,  von  Heinrich 
Rose,     Aufl.  4.     Berlin.     1838.     2  Vol. 

Dumas  angew,  Chem. — Handbuch  der  angewandten  Chemie,  yon  J.  Du- 
mas: Ubers.  yon  G.  A.  nnd  Fr.  Engelhart.  Niimberg.  1830-37. 
Bis  jetzt     5  Bande. 


All  temperatures  are  given  in  decrees  of  the  Centigrade  thermometer 
*— -excepting  when  otherwise  expressly  stated. 

The  names  of  authors  who  have  made  their  investigations  in  concert 
are  connected  by  &,  not  by  and, 

AH  sections,  paragraphs,  &c.,  added  by  the  Translator  are  dis- 
tinguished by  the  sign  ^  at  the  beginning  and  end;  additional  foot- 
notes are  signed  [W]. 
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WEIGHTS  AND  MEASURES. 


In  the  new  French  system  of  weighta  and  raeasures,  a  Metre  is  the 
ten-mi HioEth  part  of  the  dbtunce  from  the  Nortli  Pole  in  tho  Equator,  or 
of  hiilf  the  length  of  ii,  meritiian.  It  is  divided  into  tenths,  hundredthe, 
and  thousandths,  or  Decimetres,  Centimetres,  and  MiHimetrca. 

1  Metre  =  0  "5 130?  4  French  Toisci  ^  S  Paris  Feet  and  111  Lines 
=  3(t'94128  Par.  Indies  =  39-3707^  Engli^^h  Inches.-^A  Freiii-h  Foot 
^0-32484  met.:  an  English  Foot  =  0-3047946  met,  and  a  Swedish 
Foot  =  0-296867  met. 

1  Cubic  Metre  =1  Stere— 1000  Litres  =  J, 000,000  Cubic  Ceati- 
nietres. 

1  Cubic  Decimetre  =  1  Litre  =  1000  Cubic  Centimetres, 

1  Gallon  English  =  4*543  Litres. 

1  Cubic  Centimetre  of  water  at  +  4®  C,  its  point  of  maximum  den- 
sity, weighs  1  Gramme:  hence,  I  Litre  of  M'ater  at  4°  weighs  1000 
Gnimnies  (ahtait  2  pounds);  and  1  St^re  of  water  weighs  1,000,000 
Grammes  —  1000  Kilogrammes. 

10,000  Grammes  =  1  Myriagramme;  1000  Grammes  =  1  Kilo- 
gram mo;  100  Grammes  =  1  Hectogramme;  10  Grammes  ^  I  Deca- 
gramme; 0*1  Gramme  =  1  Decigramme;  00 1  Gramme  ^  1  Ceuti- 
gramme;  O'OOl  Gramme  =.  1  Milligramme. 

1  Gramme  —  18-82715  Fr,  grains^  poids  de  marc  (72  grains  =  1 
dram);  =  16091022755  grains,  Niircmherg  weight;  =28101509  Richt 
pfennigtheikhcn,  Kolniah  Markgewicht  ((35536  Uichtpfennigtheilchen  ^  8 
owiices  or  1  mark);  =  0  50475  dr^one,  Eirglish  avoirdnpoia  (16  drams  ^  1 
ounce,  10  ounces  =  1  pound);  ==  I5'44242  gniins,  English  troy  imperial 
(480 gr-  =  1  oz.  12oz.  :=  1  Ik);  =  023505  Solotnik,  Ru^^sian  weight  (3 
Solotnilt  ^  I  Loth,  32  Loth  =  1  puuml);  ^  22-54080  Doli  {96  Doli  =  1 
Solotnik,  288  Doli  =  1  Loth,  and  9216  Doli  =  1  Russian  pound). 

1  Paris  Cubic  Inch  of  water  at  4"  weighs  19  B36  Grammes  =  3194 
Grains  Niiremberg  weight; — 1  Rhenish  Cubic  Inch  of  water  weighs 
17'891  Grammes  =  2881  Niir.; — 1  English  Cubic  Inch  of  water  weighs 
16*891  Grammes  =  264 '5  Niir,  wt. 

1  Apothecaries'  pound  (12  oz.)  weighs:  in  Anstria,  420"000  Grammes 
—in  Holland,  37496  grm, — in  England,  troy-weight,  372*9986  grm. — 
in  Bavaria,  360  grm, — in  Niircmherg,  357'66391  gmi. — in  Hanover, 
357-56686  grm.^ — ^ia  Sweden,  350-22687  grm. — in  Prussia,  35078348 
grm. 


WEIGHTS  AND  MBASURBS. 


Areometer  for  Liquids  heavier  than  Water. 


Deg. 

Beck. 

Bamn^. 

Deg. 

Beck. 

Banme. 

Deg. 

B«ck. 

Baum^. 

a. 

b. 

a. 

b. 

a. 

b. 

1 

1-0059 

1-008 

1-007 

26 

1-1806 

1-220 

1-215 

51 

1-4286 

1-546 

1-531 

2 

10119 

1-015 

1-014 

27 

1-1888 

1-230 

1-225 

52 

1-4407 

1-563 

1-546 

3 

10180 

1-022 

1-020 

28 

1-1972 

1-241 

1-235 

53 

1-4530 

1-580 

1-562 

4 

10241 

1-029 

1-028 

29 

1-2057 

1-252 

1-245 

54 

1-4655 

1-598 

1-578 

5 

10303 

1036 

1034 

30 

1-2143 

1-263 

1-256 

55 

1-4783 

1-616  .  1-596 

6 

10366 

1043 

1-041 

31 

1  2230 

1-274 

1-267 

26 

1-4912 

1-634  '  1-615 

7 

10429 

1051 

1-049 

32 

1-2319 

1-285 

1-278 

57 

1-5044 

1-653 

1-634 

6 

10494 

1059 

1-057 

33 

1-2409 

1-296 

1-289 

58 

1-5179 

1-672 

1-653 

9 

1-0559 

1-067 

1-064 

34 

1-2500 

1-308 

1-300 

59 

1-5315 

1-691 

1-671 

10 

10625 

1075 

1-072 

35 

1-2593 

1-320 

1-312 

60 

1-5454 

1-711 

1-690 

11 

1-0692 

1083 

1-080 

36 

1-2687 

1-332 

1-324 

61 

1-5596 

1-732  1  1-709 

12 

10759 

1-091 

1-088 

37 

1-2782 

1-345 

1-337 

62 

1-5741 

1-753 

1-729 

13 

10828 

1099 

1096 

38 

1-2879 

1-358 

1-349 

63 

1-5888 

1-775 

1-750 

14 

10897 

1-107 

1104 

39 

1-2977 

1-371 

1-361 

64 

1-6038 

1-797 

1-771 

15 

10968 

1-116 

1-113 

40 

1-3077 

1-384 

1-375 

65 

1-6190 > 

1-819 

1-79S 

16 

1-1039 

1-125 

1121 

41 

1-3178 

1-397 

1-388 

66 

1-6346 

1-842 

1-815 

17 

Mill 

1134 

1130 

42 

1-3281 

1-410 

1-401 

67 

1-6505 

1-866 

1-839 

18 

1-1184 

1145 

1138 

43 

1-3386 

1-424 

1-414 

68 

1-6667 

1-891 

1-864 

19 

11258 

1-152 

1-147 

44 

1-3492 

1-438 

1-428 

69 

1-6832 

1-916 

1-885 

20 

11333 

1161 

1-157 

45 

1-3600 

1-453 

1-442 

70 

1*7000 

1-942 

1-909 

21 

11409 

1-170 

1166 

46 

1-3710 

1-468 

1-456 

71 

1-968 

1-935 

22 

1-1486 

1-180 

1-176 

47 

1-3821 

1-483 

1-470 

72 

1-995 

1-960 

23 

1-1565 

M90 

1-183 

48 

1-3934 

1-498 

1-485 

73 

2-023 

24 

M644 

1-200 

1-195 

49 

1-4050 

1-514 

1-500 

74 

2-052 

25 

11724 

1-210 

1-205 

50 

1-4167 

1-530 

1-515 

75 

2081 

The  scales  of  Beck,  Cartier,  h,  and  Beaume  b,  are  taken  from  Gra- 
ham's Lehrhuch^  I,  158;  those  of  Cartier  a  and  Beaum^  a,  in  which  the 
specific  gravity  of  water  at  12-5°  C.  is  assumed  =  1-000,  and  likewise  the 
scale  of  Gaj-Iiossac's  Alcoholometer,  are  from  Maroseaa*s  Memoir.  («/. 
Pharm.  16,  482.) 

Areometer  for  Liquids  lighter  than  Water. 


Deg. 

Beck. 

Cartier. 

Banm6. 

Beck. 

Cartier. 

Baum^. 

Deg. 

a. 

h. 

a. 

b. 

70 

0-7063 

55 

0-7556 

, , 

., 

0-763 

69 

0-7112 

54 

0-7589 

68 

0-7142 

53 

0-7623 

67 

0-7173 

52 

0-7658 

66 

0-7203 

51 

0-7692 

65 

0-7234 

50 

0-7727 

.. 

0-784 

64 

0-7265 

49 

0-7763 

.. 

•  . 

0-788 

63 

0-7296 

48 

0-7799 

• . 

0-792 

62 

0-7328 

47 

0-7834 

.. 

0-795 

61 

6-7359 

\ 

46 

0-7871 

.. 

0-799 

60 

0-7391 

•  • 

0-744 

45 

0-7907 

0-803 

59 

0-7423 

44 

0-7944 

0-794 

0-807 

58 

0-7456 

43 

0-7981 

0-799 

0-811 

57 

0-7489 

42 

0-8018 

0-804 

0-816 

56 

0-7522 

41 

0-8061 

0-809 

0-820 

1 

■ 

■ 

1 

■ 

K 

■ 

■ 

■ 

^1 

i 

r 

■ 

■■ 

H 

WEIGHTS  AND   MEASURES. 

xi           ^M 

Deg. 

B»^k. 

Cartler.       j 

Baoind, 

Deg, 

TQ—    « 

Cartief. 

Baum^.          ^^^1 

Beclc* 

a. 

&. 

a. 

L 

^^1 

40 

0'B095 

0-814 

., 

0*824 

20 

0*8947 

0-929    0*934 

0*933                   ^1 

39 

0-8133 

0-819 

0-824 

0-829 

19 

0'8994 

0*935    0*941 

0-939            ^^M 

38 

0-8J73 

0*8-25 

0-829 

0-834 

18 

0*9042 

0*942     0-948 

^^H 

37 

0'8212 

0-830 

0-834 

0-839 

17 

0-9090 

0-941 

}    0-955 

^^H 

36 

0-8252  ' 

0*835 

0-839 

0-844 

16 

0*9139 

0-95* 

3    0-962 

^^H 

35 

0"8292 

0*840 

0*845 

0  849 

15 

0*9!89 

0-96: 

J    0*969 

0*965           ^^H 

34 

0-8333 

0-845 

0-850 

0-854 

14    I 

0-9239 

0  97< 

»    0-976 

^^H 

33 

0'8374 

0*851 

0-855 

0-859 

13 

0-9289 

0*97 

7       .. 

^^H 

32 

0-8415 

0-856 

0-861 

0*864 

12 

0-9340 

0-98 

5       .* 

^^H 

31 

0-8457 

0-862 

0-866 

0-869    ' 

11 

0-9392 

0-99 

I       .. 

^^H 

30 

0-8500 

0*867 

0-872 

0*875 

10 

0*9444 

t-00 

P       .. 

1-000        ^^H 

29 

0-8542 

0-872 

0-878 

0*881 

9 

0*9497 

^^^^1 

28 

0*H585 

0*879 

0-883 

0^886 

8 

0*9550 

^^^H 

27 

0-8629 

0-885 

0*889 

0*892 

7 

0-9604 

^^^^1 

26 

0'B673 

0-891 

0-895 

0-897 

6 

0-9659 

^^^^1 

25 

0-8717 

0-897 

0-901  ! 

0-903 

5 

0*9714 

^^^^1 

24 

0*8762 

0*903 

0-907 

0-909     > 

4 

0*9770 

^^^H 

23 

0-8808 

0-909 

0-914 

0*915 

3 

0-9826 

^^^H 

22 

0*8854 

0  916 

0*921 

0*921 

2 

0-9883 

^^^^1 

21 

0-8900 

0-922 

0*927 

0*927 

1 

0*9941 

^H 

Gay-Lusmc^B  J. 

leoholoffu 

rter  {Akoomkre)  ai  15^ 

m 

Degree. 

Sp.  6r. 

Degree. 

Sp-  Gr. 

Degree.  1 

Sp.Gr. 

Degree. 

Sp.  Gf.                 H 

100 

0*795 

75 

0-879 

50 

0-936 

25 

^^1 

99 

0*800 

74 

0-881 

49 

0-938 

24 

^^M 

98 

0-805     t 

73 

0*H84 

48 

0-940 

23 

^^H 

97 

0-810 

72 

0*886 

47 

0  941 

22 

^^M 

96 

0-814 

71 

0-688 

46 

0943 

21 

^^M 

9:» 

0-818     1 

70 

0*891 

45 

0-945 

20 

^^M 

94 

0-822 

69 

0-893 

44 

0-946     , 

19 

^^M 

93 

0-826 

68 

0-896 

43 

0-9']  8 

18 

^^H 

92 

0-829 

67 

0  899 

42 

0-949 

17 

^^M 

91 

0*832 

66 

©902 

41       ^ 

0-951 

16 

0-960            ^^M 

90 

0'83S 

65 

0*904 

40 

0*953 

15 

0-081            ^^H 

89 

0-838 

64 

0-906 

39 

0-954 

u 

0982            ^^M 

88 

0-842 

63 

0-909 

38 

0956 

13 

^^M 

87 

0*845 

62 

0  9U 

37 

0-957 

12 

^^M 

86 

0-848 

61       ! 

0-913 

36 

0*959 

U 

^^M 

85 

0*851 

60 

0-915 

35 

0-960 

10 

^^M 

04 

0*854 

59 

0-918 

34 

0-962 

9 

^^H 

85 

0-857 

&8 

0-91WI 

33 

0-963 

8 

0*989          ^^M 

82 

1     0*860 

57 

0*922 

32 

0964 

7 

^^M 

81 

0-863 

56 

0924 

31 

0  965 

6 

^^M 

80 

0*865 

55 

0-920 

30 

0-966 

5 

^^M 

79 

0-868 

54 

0-928 

29 

0-967 

4 

0-994           ^^H 

78 

0*871 

h% 

9*930 

28 

0-968 

S 

^^M 

77 

0*874 

52 

0-932 

27 

0-969 

2 

0*997           ^^M 

71 

0-676 

" 

0-934 

2« 

0*970 

1 

0*999           ^^B 

1 

DESCRIPTION  OF  THE  PLATES. 


Plates  I  akd  IL    Crt/stah, 

h  Stgular  Syiiem, — u,  HomohedraL     Fig.  1 — 12. 
h,  Hemih^dmL — a.  Tetrahedron.    Fig,  13 — 17.—^-  Peatagonal  Doile- 
cahedron.     Fig.  18 — 20. 

2.  Square  Prkmatk  qt  Fmir-memhtred  System. — a.  Homdicdral  Fi^, 
21—39, 

21  and  22:  Anatase;— 23,  29:  Zircon;— 24,  27,  33:  Molybdnte  of 
lead; — 25,  26:  Hydraterl  ferrocyanide  of  potassium  ;— 2 8^  39:  Vesuvian; 
—30:  Acid  phospli:ito  of  potash  (KO,  2H0,  P 6>  +  2H  0)  or  acid 
araeiiiate  ofpotaeti  (K  0,  2H  0,  As  0*  +  2H  0);— 31 :  Sulphate,  seleniate, 
or  cbromate  of  silver  and  ammonia; — ^32:  Apoplijllite; — 34:  Cjaoide  of 
mercury  ;^  3. 5:  Nickel-speias; — 36:  Sulphate  or  seleniate  of  zinc  or  nickel; 
— 38:  CalonieL 

6,  HemtAedrai,     Fig.  40,^Pamsulphat-amuJon, 

3.  Two  and  lim-membered  or  Rigid  Prismatic  Sydtm.     Fig,  41 — 80. 
41 — 44:  Sulphur;  45:  Tartar-emetie; — 46:  Iodine;— 47,  48:  Sulphate 

of  lead;— 40:  Sulphate  of  baryta; — 50:  Nitrate  of  silver; — 51,52:  Chloride 
of  barium;^53:  Hyperchlorate  or  hy permanganate  of  potash  or  ammonia; 
— 54—58:  Nitrate  of  potaeh ; — 59:  Sulphate  or  seleniate  of  silver  or  soda, 
and  hypermanganate  of  baryta  ;^ — 60:  Camphor  of  cubebs; — -01—63: 
Acid  phosphate  of  soda,  crystalline  eyatem  ]j — Aciil  phoBphatc  or  arse- 
uiate  of  eoda,  System  2; — 65:  Morphia;^66:  Hypo^ulphate  of  silver; 
- — 67,  68:  Mcllttate  of  ammonia ;^ — 09:  Bicarbonate  of  ammonia;*-70: 
Protochloride  of  mercury; — 71,  72:  Sulphate  of  magneaia;— 73:  Sulphate 
of  zinc  or  nickel j— 74:  Indigo; — 75:  Chloride  of  mercury,  copper,  and 
potaeaium; — 76,  77:  Neutral  sulphate  of  ammonia,  or  neutral  sulphate, 
eeleniate,  chromate,  or  manganate  of  potash ;^78:  Oxalate  of  ammonia; 
— 79:  Citric  aeid;— 80.  Rochelle  salt. 

4.  Two-ajid-one-membered  or  Oblique  Prismaiic  Sgstem* — a.  The  ha$6 
making  an  obti*iue  angU  wilk  iJte  obtuse  lateral  edge  of  the  rhombic  prism. 
Fig.  SI— 100. 

81,  87:  Iodide,  bromide,  or  chloride  of  potasalum  with  four  atoms  of 
water; — 82:  Choudrodite;— 83:  Chlorate  of  potash; — Sulphate  of  mag- 
nesia and  potash; — 85:  Sulphate  of  nickel  and  potash; — S6:  Chromate 
of  ammonia  J — 88:  Hypermanganate  of  silver; — ^89:  Pyrophospliat©  of 
floda; — ^90:  Bicarbonate  of  ixitash. 

b.  The  acute  lateral  edge  of  the  rhombic  primn  making  an  oblique  angle 
with  the  base.     Fig.  101—116. 

91,  92:  Augite;— 93— 05:  Neutral  phosphate  of  ammonia  (2N  H*0, 
HO,  PO*  +  24HO)  or  arseaiato  of  ammonia;— 96—100 :  Ordinary 
phosphate  of  aoda  (2Na  0,  HO,  P  0*  +  24H  0)  or  arseniate  of  eoda; — 
101*  102:  Phosphate  or  ar^eniate  of  eoda  and  ammonia; — ^103,  105: 
Borax; — 106:  Acetate  of  lead; — 107,  108:  Phosphate  or  arseniate  of 
soda  and  potash; — 109:  Tartaric  acid;— 110:  Acetate  of  copper; — 111: 


DESCRIPTION  OP  THE  PLATES. 


Xlli 


Protosulpli&te  of  iron  or  cobalt; — ^112i  Acetate  of  einc; — 113:  Acetate 
of  soda; — 114:  Car  boo  ate  t>f  soda  with  ten  atoms  of  water; — 115:  Hy- 
drated  ferrocyanide  of  sodium; — 1 16:  Hydrated  carbonate  of  magnesia, 
c  One-and-two-mcmhcrfd  8:^9t€ni.     Fig*  111 ^lld^ 
117:  Oxalic  acid; — 118:  Cbromato  of  soda; — 119;  Sulphate  of  soda. 

5.  MiUdierlklCsS^jdeni.     Fig.  120:  Hyposulpliite  of  lime. 

6.  One-and-one-mtmhered  or  Doubly  Oblique  Frismatic  ^^^tem.  Fig, 
121—130, 

121—123:  Sulphate  of  copper;— 124,  125:  Axinite;— 126:  Gallic 
acid; — 127:  Succinate  of  ammonia; — ^128:  Succinate  of  soda; — 129; 
Boracicacid; — 130;  Alkargeii. 

7.  Tbree-and-ofie-membered  System. 

ei.  Si^-membered  or  Mfxago nal  S^dem.     Fig*  131 — 140, 

131:  Q  u  artz  ;■ —  1 3  2,  135 :  Sappb  i  re ; — 133:  Hypos  ulpbate  o  f  etron tia ; 
— 134,  136:  Emerald;— 137— 140:  Cale^par. 

6.   Tkree-and-ihrcf-membered  or  Ehombohedral  System, 

a.  Forms  deTnvt'd  ft  otfi  an  obtuse  rkombohedf'on.     Fig.  141 — ^loO. 

141i — 143  and  145—150:  Calcspar;- 144:  Neutral  Uypoaulpliate  of 
lead, 

0,  Forms  derived  from  an  acute  rhomMiedron,     Fig,  151 — 1 60. 

liil,  153,  155,  L>6  and  157:  Specular  iron;— 152,  154:  Calcspar; — 
158:  Sesqui'oxide  of  chromium; — 159:  Red  ail  ver  ore; — 160:  Cinnabar. 

Plate  IlL 

Schemes  of  Chemical  Decomposition, 

Decomposed  compounds  are  indicated  by  dotted  lines  j  newly  formed 
compounds,  by  full  lines* 


Plate  IV, 

Apparatus. 

Electro-chemical  Apparatus  and  Processes.     App,  1^33. 

25:  Daniell's  Constant  Battery. 

26:  Grove's  Battery. 

27:  Trough  or  Cell  Apparatua^ 

28  and  20:  Faraday's  Voltameter, 

31  and  32:  Faraday's  Battery. 
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INTRODUCTION. 


CriEMTeTRY  i«  a  branch  of  Natural  Science, 

Naturul  Scierioo  cmbracea  tlio  whole  range  of  sensible  olye^ts,  theif 
projKJrties,  and  the  changes  to  which  thoy  are  subject^  in  so  far  tis  these 
changes  are  net  referable  to  the  iuwanJ  workings  of  the  human  miiitL 

Some  branches  of  Natural  Science  consider  the  several  classes  of  bodies 
in  a  state  of  rest  according  to  their  situation,  magnitude,  form^  Htnieturo 
and  other  physical  properties*:  such  are  Descriptive  Astronomy  and 
Geology,  Mineralogy,  Botany,  Zoology,  Antmal  and  Vegetable  Anatomy. 
Other  branches  of  Natural  Science  take  into  consideration  the  changes  to 
which  the  various  classes  of  bodies  arc  subjoct,  without  reference  to  the 
causes  by  which  these  changes  are  brought  about;  e.ff,^  Physical  Astro- 
nomy and  Geology,  Animal  and  Vegetable  Pljysiology,  Nosology,  Thera- 
peutics. Lastly,  Phyeics  and  Cherai?try  regard  thoae  changes,  not  according 
to  the  classes  in  which  the  bodies  l>elongj  but  according  to  the  several 
causes  by  which  the  changes  are  produced,  AH  the  chauges  to  which  the 
bodies  of  the  universe  are  sulyect  may  be  referred  to  the  following  causes 
or  Forces. 

I,  Jieptd^ion:  which  manifests  itself,  either  in  the  form  of  Impene- 
trability, or  in  that  of  Expansive  Force. 

II,  Atfractum  :  %\hich  includes 

1.  Mrchanical  AHrftdiftn^  by  which   bodies    are  dmwii  together 

without  any  alteration  of  their  properties  excepting  ad  regardu 

tl»e  sj>ace  which  they  occupy ;  and  this  may  bo  subdivided  into— 

a.  Gramtation,   or   Attraction   acting    at    a    distance    and 

between  large  masses^ 
K  Oo/tfiiion^  or  A  (traction  between  bodies  of  the  same  kind, 

and  at  immeasurably  small  distances  only, 
c*  AtUiefthiiy  or  Attraction  between  bodies  of  different  kinds, 
acting  at  inimerisuiubly  email  distiinces  only,  and  pro- 
ducing a  heterogeneous  mass, 
d.  Chemiml  J  ((reaction.  Affinity  or  Attraction  between 
bodies  of  different  kinds,  acting  at  immeasurably  small 
distances  only,  and  proflucing  a  homogeneous  mass. 

III,  Vital  Force,  or  that  peculiar  power  by  which  the  most  important 
alterations  in  living  organized  bodies  are  produced. 

All  changes  prmiuced  by  mechanical  Attraction  belong  to  the  province 
of  Physics ;  the  phenomena  resulting  from  vital  force  to  that  of  Ammal 
and  Vegetable  Physiology. 

Cliemistry  relates  exclusively  to  those  changes  of  bodies  wbich  are 
brought  about  by  Affinity.  Now  since  these  changes  consist — (\\  in  the 
combination  of  dissimilar  bodies  into  a  homogeneous  m&Bs,  and  (2)  in 
occasionally  resulting  separations  of  dissimilar  kinds  of  matter  from  a 
honiogencons  mass,  it  follows  that  Cheniisitry  may  be  defined  as  the 
science  wbich  treats  of  the  combination  of  dissimilar  bodies  into  homo- 
geneous maiises,  and  of  the  separation  of  dissimilar  bodies  from  homo- 
geneous masses. 
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2  iNTRODrcnox, 

Tbe  range  of  Chemistry  tba$  mtrk^ii  <iLi  »  «ijit2vv«d  Vr  the  fDUowing 
conBiJerations* 

1.  By  a  flhortaccoant  of  Coke«it>s  szkI  A£iH*s6raL 

2.  By  the  eDamermtion  of  the  phr^Snui  je*:c«nj»  <^  the  e^emeotatj 
bodies  and  of  the  compounds  fi>n»M  by  tirfir  iLZTial  ftdEn^isefi.  fkAiticiilarl j 
of  those  which  do  not  come  wiihis  tbe  pcv-riiKv  cc  Kia^eamkyfy. 

On  the  other  hand,  tbe  rax:^  isf  t^  jKofiDcv  if  i^iTTweid  by  the 
consideration  that  the  nebtions  of  the  lKp:<r^dMa^>>«  x»M<d  soi  be  treated 
in  all  their  detail,  inannnch  v  tbe  siady  <i  i2»etj«  K'«ij»  fcnis  aa  impoit- 
ant  branch  of  physical  science. 

Chemistry,  regarded  as  an  iiadepradect  meso^  ernVTacinr  the  whole 
range  of  chemical  knowledge  and  T^pkz\i:xu:  iLf  ciieanxaLl  ]wperties  of 
the  rarioos  kinds  of  matter  withont  ivfeiesK^  to  aar  apfC>aax«  of  them 
beyond  the  bounds  of  the  sciecce  iiself.  is  d:«uiir&if2M  by  the  name  of 
Pure,  7%Knrfi\^yd  or  Pkih*ypiikcji  Ti-rmwc-j.  Ax^i  iaisaa^ch  as  parti- 
cular branches  of  it  serre  to  throw  lirfii  <  n  other  sr*?er!«»s.  these  WTeral 
branches  have  receired  the  names  of  Piynnti^  J/i.w^.;y*AiJ^  Pijniolcjyi- 
eal,  Mtduxd,  A^ricHliyral  Chemistry,  kc. 

Ch^fwh^rj  is  ^n  Art  as  well  as' a  .V4>»of.  For  h  teaches  not  only 
what  combination?  of  di»^imJlar  U^lies  into  honvrtirese^^iis  icasftK  and  what 
d««wrop(«]tion«  of  tb^^  Utter  are  j:^.i<«iMe :  tnt  h.kevist^  what  rales  most 
L<^  f'>Ilov#^  what  mecL:ix)ical  means  mast  he  ado.  ;eNi  to  bnnc  about  these 
«r>irjbjuatK>iA«  and  d«3C5omj*whions.  This  is  /*r».KrKM*  CifmiiXr\i.  It  is 
miUiJT  tdtrd  izit/>  Syrdfi^it-raJl  Cfurriiffry  the  objoci  of  which  is  the  onion  of 
diiy^imiUr  Ix^iies  iuUj  hfjmo^eu€<o\i»  masses:  and  Ahi'yticil  Ch^mUir^ 
wbjfrb  Usu^h^iti  Low  Uj  dfrtect  the  K-reral  CL*Dstituent»  of  a  compound  body 
afid  i^MiiSkUt  thvir  qaantitie^.  The  an  vf -4«wWii7  or  Ds^mary^  which 
n^hU/^  t/>  the  detection  and  estimation  of  the  precious  metals  in  their 
varlffun  coinp<>uu<hr;  h  a  branch  of  analytical  chemistry. 

Applwi  Cfi/trmi^ry  comprehends  the  art  of  preparing  the  Tariona 
suli«tau«e«  u«ed  in  the  ordinary  bociness  of  life,  in  so  nir  as  such  prepara- 
tion iH  based  on  chemical  principles.  Its  divisions  are  :  Pharmaceutical 
(JIumiiMry  which  relate  to  the  preparation  of  substances  used,  in  medicine; 
and  Ttdinvcal  Ch/trniMry  which  in  concemeJ  with  art«  and  luanufacturee. 
This  latter  i«  again  (subdivide^l  according  to  the  several  prtxlucts  whose 
i;reparation  it  embraces, — and  more  i«articu1arly  into  the  following 
branches:  viz,  MeVaHurgy,  or  the  production  of  metals:  Lithuroy,  or  the 
cliemistry  of  minerals:  Ilyalurgy,  or  the  chemistry  of  glasss-'making : 
PlUfMfurgy,  or  the  chemistry  of  combustible  bodies:  Halurpy,  or  chemistiy 
of  Milt«,  BcUU  and  alkalis:  Chromurgy^  or  chemistry  of  colours:  Zywuo- 
Udmyt  or  chemiidry  of  fermentation,  &c. 

Historical  Survey. 

In  ancient  times  the  progress  of  chemistry  was  slower,  in  modern 
times  it  haN  lK;eii  more  rapid  than  that  of  any  other  science.  Up  to  the 
end  of  tfie  seventeenth  century,  chemical  knowledge  was  confined  to  a 
few  jNolatcMl  facts,  either  relating  to  metallurgy  and  other  chemical  arts  or 
to  the  prejiaraiion  of  medicines,  or  such  as  were  accidentally  discovered 
during  the  fruitless  search  of  the  alchemists  after  the  philosopher's  stone, 
the  transmutiition  of  irieUls,  ica.  The  marshalling  of  these  facts  into  a 
regular  nyuU*ttt  was  lM*giin  by  Becher  and  HUhl  about  the  end  of  the 
sevent^ieiiih,  and  brought  to  a  more  o^lvanced  stage  by  Lavoisier  towards 
the  i<nd  of  the  eighi#ieiith  century. 
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HISTORICAL   SURVEY 


Among  the  nations  of  antiquity  the  Egyptians  appear  to  ba^^e  possessed 
the  great^f*t  atnonnt  of  cliemical  knowledge.  Tkey  prepared  sal-amraoniac, 
soda,  common  salt,  vitnoU  glas^t  enamel,  tiles,  painted  earthenware, 
several  metals  and  metallic  alloys,  soap,  boer,  vinegar,  various  medicines 
and  pigments,  and  knew  how  to  lix  colonrs  on  silk  hy  means  of  mordants, 
audio  preserve  dead  bodies  from  decay.  The  knowledge  of  the  Egyptians 
extended  itself  to  other  nations,  particuhirly  the  Jews  and  Greeks. 
Whether  the  Chinese,  who  have  long  been  acqoaint^jd  with  the  preparation 
of  sulphur,  nitre,  gunpowder,  borax,  alum,  porcelain,  verdigris,  paj>erj 
together  with  dyeing  and  the  formation  of  various  metallic  alloys,  are 
partly  indebted  to  the  Egyptians  for  their  knowledge— is  a  f|uestion 
whicli  mast  remain  nndtniided. 

The  Greeks  sought  to  penetrate  the  secrete  of  nature  less  by  accurate 
observation  than  by  spocolativo  enquiry.  The  assumption  of  the  four 
elements  (fire,  air,  earth  and  water)  by  Anaxiraander  and  other  Grecian 
phiiosfopliers  affords  evidence  however  of  a  right  comprehension  of  the 
ffjur  principal  states  in  which  matter  can  exist.  Less  conformable  to 
nature  is  the  opinion  adopted  by  Aristotle  and  others  that  all  matter  is 
essentially  iho  same,  and  that  the  various  forms  of  It  are  duo  merely  to 
ditleronces  of  shape  in  the  ultimate  particles.  The  Romans  derived  all 
tlieir  chomistry,  an  indeed  all  the  real  uf  their  knowledge,  from  the 
reeks  without  making  the  smallest  extension  of  it.  The  migration  of 
0  northern  nations  and  the  overthrow  of  the  Roman  empire  put  a  stop 
to  the  progn:'ss  of  science  in  En  rope. 

On  the  other  hand,  from  the  seventh  to  the  eleventh  century,  the 
8ciences»  aud  chemistry  in  particular,  obtained  protection  and  cultivation 
among  the  Arabs  who  ha*!  spread  themselves  over  Spain  and  the  north  of 
Africa,  Their  chemical  investigations  were  chiefly  directed  to  the  pre- 
paration of  medicines  and  the  conversion  of  base  into  noble  metals.  Tliey 
aimed  at  preparing  substances  which,  like  the  phibisopher's  stone,  should 
free  the  bajso  metal  from  its  ini perfections  or  blemishes  and  thereby 
convert  it  into  a  noble  metal :  they  believed  also  that  such  a  substance  or 
one  of  like  nature  would  restore  the  sick  to  health  and  even  render  man 
immortal.  Hence  they  laid  the  foundation  of  Alchemy,  Geher,  one  of 
the  earliest  chemists^  who  lived  in  the  eighth  century,  wa«  ac<pminted  with 
milk  of  sulphur,  nitric  acid,  afjua  rcgia,  solution  of  gold,  nitrate  of  silver, 
corrosive  sublimate,  red  oxide  of  mercury,  the  preparation  of  litharge,  &o. 
Albukasis,  towards  the  end  of  the  twelfth  century,  described  a  form  of 
Btill  like  that  at  present  used  in  the  distillation  of  brandy;  also  the 
distillation  of  vinegar  and  wine.  The  words  AlkaHj  Akoliol,  Aludel, 
&c.,  which  are  still  in  constant  use,  originated  with  the  Arabs. 

The  crnsados  served  to  transplant  the  chemical  knowledge  and  views 
of  the  Arabs  into  Europe,  where,  agreeably  with  the  mystical  tendencies  of 
the  age,  the  theory  of  transmutation  found  esprcial  favour  ;  and  while  it 
raised  up  persevering  alchemists  who  employed  themselves  in  experiment* 
laborious  as  they  were  fruitless  for  the  purpose  of  obtaining  gold  from  the 
baser  metals,  at  the  same  time  gave  birth  to  a  host  of  impostors  who 
turned  the  credulity  of  others  to  their  own  account.  This  rage  for 
alchemy  continued  in  Europe  from  the  thlrteeuth  to  the  seventeenth 
century,  and  though  it  failed  in  attaining  the  end  proposed,  giive  rise  to 
the  discovery  of  a  mass  of  facts  which,  had  it  not  been  for  this  thirst  for 
gold,  would  m  all  pruhability  have  long  remained  unknown.  Among  the 
most  renowned  of  the  alchemists  were:  Arnold  de  Villa  Nova  in  the 
ihirteenth  century,  Eaimund  Ldly  in  the  fourteenth,   Baail  Valentine 
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/#>^.  tUte^jttfrtrr  of  fM'Vcral  compoiiiids  of  antimony  and  also  of  ammoniayin 
M,/  r»^/^f»tl,,  raro/'iflMiiH  (the  first  public  teacber  of  cbemistry,  who  pre- 
f/i¥*^*\  fhi^uy  ^ftwurM  inodicinos,  particularly  preparations  of  mercury)  in 
n-r/  jri/f^-irfith,  Van  n<*liiioiit  (who  ovon  at  this  early  period  propounded 
tf,*t.  /  |/tii )//ie//pbiml  viewM  and  was  the  first  to  distinguish  various  aeriform 
>^xl./-^  hy  ili«?  uiiuui  of  Gunen  from  common  air),  and  Libayios  in  the 

|««/^'l^fi«|f'rilly  of  tlin  roiling  pursuit  of  alchemy  there  arose  in  these 
i^«M*  itti^uy  mt*n  who  iriihiT  ib»vot«d  themselves  to  philosophical  research 
Mr>.  iijtfffr  ISiufoti  and  AllwirtUH  Magnus  in  the  thirteenth  century;  or 
^*l4*fr»A  ihn  fliTluMiotiM  and  iini>o6tures  of  the  alchemists,  like  Kircher, 
^'/hfthy  Ouib'^rl,  (iiihniMidi  and  Kepler;  or  were  the  authors  of  scientific 
»•'^^rt,  \^Vt:  iUuium  Aj/rir.ihi  (df  vf  vietallica,  1546),  Lazarus  Erker  {Au/a 
#/////* /////////^  I'/? 4;  find  Hi'vcinil  otherM. 

'i*fsintt»i.i  iUit  I'lid  of  Uio  M«<v<'iit«MM)th  century,  chemistry  received  an 
hu**\ttjuA  <:«t4'iit;ioii  from  tho  rttm'arohos  of  Newton  on  attraction  and 
\tyU  *tut\  U*tm  tiot  i<h)i«iriiiH*ntH  of  Torricelli,  Guoricke  and  Boyle  on  the 
^^^iit4th.  Alioui  tliH  Niiino  tlnio,  w^vonil  wdts  were  discovered  by 
hi^ttiftit^  i^hoiiidiof  iit>  by  Miniidt  and  Kunkol,  sweet  spirits  of  nitre  and 
*ik>ft,ht\  ^liiAA  liiinKci  by  tbn  biih^r,  artificial  V4)lcanos  by  Nicholas  Lemery 
tHHtUtn  of  Hio  i'nmmlf  Chiinir),  and  Imracicacid  and  the  alum -pyrophonis 
by  MooJfi.ff/ 

Al  ibi.  ^i:iy  bit^iiiiiiiig  (if  tbo  (Mgbtoontb  century,  George  Ernest  Stahl, 
by  •«i/|/ly)oi/  lb«:  iitniiily  pulil'iHbod  viowH  of  Albortus  Magnus  and  Becher 
i4*ilu't$  itf  I  bit  I'ltifiini  Suhtrrratira)  roN|HM*ting  that  most  important  of  all 
/b>foM'iii  tmnfniitit*,  (UnnlniHtum,  to  tbo  whob^  oolloction  of  facts  discovered 
by  bMif.'i  If  mid  otlintH,  and  tbiiH  uniting  thorn  into  a  connected  whole, 
l.*id  ibc  biiindiiti'in  of  tlio  firHt  HyHtiMu  of  Cboniistry.  This  system  received 
lb*.  Oi<oi«;  ol  tlio  /V//or/iWiV  TItvnnj,  bocauHo  Stulil  assumed  that  all  com- 
boi'libb:  bodM'w  rnntaiii  ono  and  tbo  Hanii*  ])rinciplo  of  combustion,  called 
l'hlniji»h,ii ;  till*,  <mra|M»  of  tbin  NubHtanco  from  a  boated  combustible  body 
b<  \uy[  fcojiportitd  to  produro  tb«^  pbononiotui  of  combustion,  and  its  addition 
Ut  a  bnriit  body  to  rontoro  tbo  combuHtibility  of  that  body*  In  this 
tyf.U'.m  I'bbi^ihlon  and  tb(j  dophbigisticatcd  metals  or  metallic  earths 
(ui^'iMu:  oxid<<H  of  tbo  proMcnt  HyHtiMu)  wero  roganlcd  as  elements  and 
»\\ii\Aiu'A'.i\  tbo  four  idoniontM  of  the  Grorian  philosophers.  From  this  time 
bifward  <:botniHtry  rocoiviwl  mort)  Hoiontific  cultivation,  and  discoveries 
iM'<:uiniilat4id  nioro  and  more,  until  towards  the  end  of  the  eighteenth 
vAtwiwry  li  roforni  of  tbo  Myhtoni  became  indispensable. 

I»»  17 1 H,  GoofiVoy  publiHbed  tbo  first  Tahh  of  Affinities.  Boer- 
baa  vo  publiHhod  in  1732  a  chemical  work  containing  many  original 
iiK|K;riinentN  on  light,  heat,  &c.  Hales  in  1724  instituted  several  experi- 
iiientH  on  the  air  ami  other  aeriform  bodies.  These  experiments  were 
however  much  more  successful  in  the  hands  of  Black,  who  in  1756 
hhowoil  that  the  kind  of  air  given  out  bv  fennentiug  liquids  and  evolved 
from  chalk  by  the  action  of  acids  is  difllerent  from  atmospheric  air;  and 
thus  directed  the  attention  of  experimenters  to  the  more  accurate  inves- 
tigation of  aeriform  bodies.  Margrafl',  1754 — 1759,  first  established  the 
existence  of  magnesia  and  alumina  as  distinct  earths,  the  only  earths 
previously  recognised  being  lime  and  silica;  he  also  produced  sugar  from 
native  plants,  and  discovered  the  phosphates  in  urine.  Scheele,  between 
the  years  1773  and  1786,  discovered,  with  very  slender  means,  chlorine, 
the  hydrofluoric,  nitrous,  pnissic,  tungstic,  molybdic,  arsenic,  tartaric, 
citric,   malic,   lactic,    gallic,   and   uric    acids;   also   baryta,   manganese 
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(piirtly),  oxygen  ga3  (VJiscoverod  just  before  by  Fricistluy) ;  be  nUo 
fienionstrnted  tlie  preseoco  of  phosphoric  acid  in  bones,  ?imi  instituted 
nmny  ingenious  experiments  on  light  and  beat,  wbicb  led  bini  to  the 
a*loption  ufa  now  tbeory  ofeombustion,  Bergman  perfected  tbe  doctrine 
of  Affinity  and  uiatle  eeveml  experimentiJ  on  carbonic  acid  and  otlier 
matters,  besides  many  ^uccessfnl  a nal ys?ea  of  mineral  fc^uli^tances,  Caven* 
disb,  who  first  collected  ga^ses  over  water  instead  of  receiving  them  in 
bladders,  was  also  the  first  to  distinguish  hydrogen ;  bo  likewise  di«- 
covere<l  tbo  formation  of  carbonic  acid  by  t!ie  combustion  of  charcoal,  the 
corapositton  of  water  and  of  nitric  acid  (17(>.> — ITS*"*).  Priestley,  who  first 
collected  gases  over  mercury,  discovered  in  1770  and  the  following  yeara, 
oxygen  gas,  protoxide  of  nitrogen,  carbonic  oxide,  anuiionkicjil,  sbU 
pburous  aerd  and  muriatic  acid  gases  and  the  gaeeoua  fluoride  of  silicon : 
he  al«o  first  observed  tbe  disengagement  of  oxygen  gas  from  the  green 
parts  of  plants. 

Antoine  l^urcnt  Lavoisier,  whose  pliilosophical  career,  began  in  1770, 
was  ruthlessly  cut  short  in  171*4  by  the  gnillotiue  of  Uobei^pierro,  not 
only  perceived  the  defect.s  wbicb  later  diflcovories  had  made  manifu^t  in 
8tahi's  theory,  but  availed  bimi^elf  of  thoae  digcoveriefei  together  with 
certain  experiments  of  bis  own,  ina*Jo  with  a  degree  of  ticcuracy  in  the 
determination  of  weights  and  volumes  quite  unknown  before  his  time,  in 
order  to  establish  a  theory  in  opposition  to  the  phlogistic,  and  tbence 
called  the  Antiphbiglftic  theory: — attempts  at  the  e^tablishraent  of  euch 
a  theory  had  been  made  by  Rey  in  1C30  and  by  Mayow  in  1670,  but 
without  success. 

Tbo  long  established  fact  tbat  oombastible  bodice,  such  afl  metals,  do 
not  lose  but  gain  weigbt  wben  burnt  {un  attempt  at  explanation  had  been 
made  by  supposing  a  fixation  of  the  fiery  particles  to  take  place)  was 
placed  in  a  clearer  light  by  Lavoisier,  who  showed  that  thi.^  increase  of 
weight  i«  exactly  equal  to  the  weight  of  the  oxygi'U  gas  absorlrod  by  tbe 
corolbtifltible  body  in  the  act  of  buniing.  On  the  other  hand^  he  showed 
tbat  in  the  conversion  of  a  burnt  body  into  a  combustible  boily,  a  de- 
crease  of  weigbt  takes  place  in  spite  of  the  pblogibton  wbtch  was  su{>- 
posed  to  be  absorbed.  He  denied  tbe  existcnco  of  phlogiston,  regarded 
combustion  as  tbe  combination  of  a  combustible  body  with  oxygen,  ac- 
companied by  a  development  of  light  and  heat,  and  the  conversion  of  a 
burnt  into  a  combustible  boily  as  resulting  from  the  separation  of  oxy- 
gen. To  him  also  we  are  indebted  for  tlie  ditfcovery  that  the  diamond  is 
carbon,  tbat  carbonic  acid  is  a  compound  (^f  carbon  and  oxygen,  that 
water  is  decomposed  by  red-hot  iron,  tbat  the  earthy  matter  dci^osited 
when  wiiter  is  heated  in  glat^s  vessels  is  deriveil  from  the  glass  itself — as 
well  as  many  well  devised  investigations  on  heat,  respiration,  tranepiiu- 
tioD.  &c» 

From  this  time  forwanl  Chemistry  advant-etl  witli  twofold  i-apidity, 
partly  through  the  zeal  of  the  itdherents  of  the  new^  tboorv^  partly 
through  that  of  their  opponents,  who,  while  they  entleavoured  to  over- 
throw it  by  new  researches,  really  contributed  to  its  establishment  and 
extension,  BertboUet  who  in  1787  was  the  first  to  atUick  tbe  new  the- 
ory acquired  great  reputation  by  his  researches  upon  Chlorine  and  upon 
the  doctrine  of  affinity.  Fourcroy  undertook,  particularly  in  connexion 
with  Vancpielin,  more  exact  analyses  of  organic  substances  and  several 
other  investigations,  Tbe  latter  in  the  course  of  bis  numerous  analytical 
reuearche.*!  disco  vertnl  chromium,  glue  in  a,  and  sevoral  %'ege  table  sub- 
i»tauce§.     Klaproth»  to  whom  minenU  analysis  is  most  deeply  indebted. 
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discovered  zirconia,  titanium,  uranium  and  tellurium.  Richter  in  his 
Stoichiometry,  laid  the  foundation  of  the  doctrine  of  dennite  and  simple 
proportions  by  weight  according  to  which  bodies  combine.  Prout  inves- 
tigated with  great  accuracy  the  chemical  relations  of  several  metals,  and 
successfully  combated  Berthollet*s  doctrine  of  affinity.  Smithson  Ten- 
nant  was  the  first  who  separated  carbon  from  carbonic  acid :  he  also  dis- 
covered osmium  and  iridium.  Wollaston  discovered  palladium  and  rho- 
dium in  platinum  ore. 

The  discovery  of  Galvanic  electricity  by  Galvani,  to  which  Volta  (the 
inventor  of  one  of  the  most  useful  forms  of  the  Eudiometer)  cave  in- 
creased power  by  means  of  his  Pihy  furnished  the  chemist  with  a  new 
means  of  decomposition,  which  not  only  served  to  confirm  Lavoisier's 
theory  of  the  compound  nature  of  water,  but  also,  in  the  hands  of  the 
highly-gifted  Sir  Humphrey  Davy,  to  resolve  the  hitherto  undecomposed 
alkalis  and  earths  into  peculiar  metals  and  oxygen.  Besides  this,  Davy 
enriched  the  science  by  his  investigations  on  galvanic  electricity,  flame, 
and  the  compounds  of  chlorine.  At  the  same  time  also,  Gay-Lussac  and 
Thenard  investigated  the  nature  of  the  chlorine  compounds  and  of  the 
metals  which  form  the  bases  of  the  alkalis,  and  were  the  first  to  effect 
the  complete  separation  of  fixed  organic  substances  into  their  elements. 
Gay-Lussac  also  extended  the  science  of  Heat,  particularly  as  relates  to 
evaporation,  established  the  Law  of  Volumes,  which  governs  the  combi- 
nation of  elastic  fluids,  and  made  a  most  accurate  investigation  of  the 
chemical  relations  of  iodine,  the  discovery  of  which  had  just  before  been 
made  by  M.  Courtois. 

The  highest  degree  of  exactness  in  the  investigation  of  the  proportions 
by  weight  in  which  bodies  combine  was  attained  by  Berzelius,  whose 
researches  in  this  department  of  the  science  led  him  to  adopt  and  confirm 
the  almost  forgotten  views  of  Richter.  By  a  vast  number  of  experiments 
he  ascertained  the  proportions  by  weight  in  which  all  the  elementary 
bodies  combine  one  with  another.  By  improvements  in  Klaproth's  me- 
thods of  mineral  analysis,  he  succeeded  in  decomposing  several  new 
minerals,  and  thereby  established  the  existence  of  cerium,  selenium, 
thorium,  and  partly  also  of  lithium,  as  new  elements.  At  the  same 
time  also,  but  with  less  reference  to  direct  experiment,  Dalton  developed 
Richter's  doctrine  in  the  form  of  the  new  atomic  theory :  he  likewise 
made  some  most  able  investigations  upon  heat,  particularly  on  the  forma- 
tion of  vapour. 

Within  the  last  few  years,  the  electro-chemical  phenomena  have  been 
most  successfully  investigated  by  Faraday,  De  Larive,  Becquerel,  and 
others  ;  and  the  field  of  organic  chemistry  has,  by  the  labours  of  Berze- 
lius, Liebig,  Wbhler,  Mitscherlich  (the  founder  of  the  theory  of  Iscymor- 
phism),  H.  Rose,  Mulder,  Chevreul,  Dumas,  Pelouze,  Laurent,  Mala- 
ffuti,  and  many  others, — been  enlarged  to  such  an  extent,  that  it  has 
become  almost  a  new  science. 

ConEsioN. 
Cohesive  Power,     Attraction  of  Aggregation.     Cohasionskraft.      Zusam- 
menkaufende    Vei^waiidlsdiaft.       Cohcesio,     Attractio    aggregationis, 
Cohesion, 
The  attraction  which  bodies  of  the  same  nature  exhibit  towards  each 
other  when  brought  into  immediate  contact.     The  consequence  of  this 
action  is  the  combination  of  a  number  of  homogeneous  bodies  into  a  whole 
of  the  same  nature.     The  product  so  formed  is  called  an  Aggregate. 


COHESION. 


The  conibinatioa  may  be  destroyed  by  a  mechanical  pressure  or 
thrust  etrong  enough  to  overcome  the  cohesion. 

The  force  of  cohesion  varies  with  the  temperattUQ  and  with  the 
nature  of  the  body. 

U  is  a  general  rnl©  that  the  cohesion  of  a  body  dimiaishea  as  its 
iempenituro  increases.  A  heated  liqnid  forms  smaller  drops  than  a  cold 
ODO  (sulphur  alone  forms  an  exception  to  this  rule,  increiising  in  consist- 
ence as  its  temperature  risee);  hard  bodies  when  heated  generally  become 
softer,  aometiniefi  even  fiuid,  provided  no  chemical  changes  take  place  in 
then). 

Bodies  may  be  divided  according  to  their  cohesive  power  into  four 
classes.  (1.)  Impojidrrahle  Bodies^  as  light,  heat,  electricity  and  mag- 
netism. In  these  the  repulsive  force  the  antagonist  of  the  attractive 
predominates,  and  none  of  the  phenomena  which  they  exhibit  are  such 
as  to  make  it  probable  that  a  mutual  attraction  or  cohesion  is  exerted 
between  their  particles,  (2.)  Fmiderabk  Ekutk  Fluids,  viz.  Gases  and 
Vapours.  In  these,  the  ponderable  matter  is  rendered  so  highly  elastic 
by  its  combination  with  heat  that,  generally  speaking,  all  their  known 
properties  may  be  explained  without  supposing  them  to  be  possessed  of 
cohesion,  unless  perhaps  Faraday's  experiments  {(Ju.  J,  of  JSc.  3,  354, 
also  Ann,  Chim,  Phi/s.  v.  228)  on  the  dilfenjnt  velocities  with  which 
diflerent  gfises  flow  through  narrow  tubes  may  be  explained  by  supposing 
ditibrent  degrees  of  cohesion  to  exist  in  the  various  gases.  (3.)  Liquids, 
These  may  be  regarded  as  combinations  of  ponderable  matter  with  smaller 
quantities  of  heat,  suflicient  to  produce  a  remarkable  diminution  of  the 
cohesion  peculiar  to  solids,  but  not  to  occasion  any  sensible  repulsive 
power.  (4,)  tSoluh*  In  these  the  cohesive  power  exhibits  itself  in  its 
highest  degree. 

Colusimi  of  Liquids* 

This  force  shows  itself  in  the  tendency  towards  the  spherical  form, 
inasmuch  as  the  effurt  of  all  the  several  particles  of  a  iiqnid  mass  to 
approach  each  other  as  closely  a^  possible  must  result  in  tlie  assumption 
of  the  spherical  form.  Since,  however,  the  litpiid  mass  is  subject  to  the 
influence  of  other  forces,  gravitation  and  adhesion  for  instance,  the  sphe- 
rical form  can  never  be  perfect :  e.  g.,  mercury  upon  glass,  water  upon 
glass  which  has  been  smeared  with  fat  or  lycopodium. 

The  cohesion  of  liquids  is  also  shown  by  a  certain  resistance  which 
they  offer  to  the  foroo  of  gravitation,  when,  in  order  to  obey  that  force, 
they  would  be  obliged  to  divide  themselves  intn  very  small  parts, — sup- 
posing that  the  cohesion  is  not  at  the  same  time  opposed  by  adhesion  or 
agitation.  Thus  mercury  will  not  run  through  tine  muslin,  nor  water 
through  a  metal  sieve  covered  with  fat  or  lycopodium. 

The  cohesion  between  the  particles  of  a  Hquid  being  small  and  equal 
in  all  directions,  the  slightest  force  is  sufficient  to  disturb  them.  The 
motion  of  one  part  does  not  produce  an  equal  and  parallel  motion  in 
all  the  rest  of  the  mass,  whereas  in  solid  bodies  the  application  of  a  slight 
force  produced,  not  a  disruption  of  the  parts^  but  an  equal  and  similar 
motion  in  the  whole  mass. 

BiiTerent  liquids  exhibit  different  degrees  of  cohesion  :  the  cohesive 
power  is  for  the  most  part  very  nearly  proportional  to  the  density. 

Cofimon  ofSolidi, 
Thitt  force  obows  itself  particularly  in  three  ways. 
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1 .  In  an  individual  portion  of  a  solid  body. 

In  this  caso  cohesion  shows  itself  by  the  resistance  which,  up  to  a 
certain  limit,  it  opposes  to  any  mechanical  force  tending  to  separate  the 
particles.  Hence  the  force  which  is  exactly  sufficient  to  overcome  the 
cohesion  of  a  body  affords  a  measure  of  that  cohesion.  (On  the  tenacity 
of  metals,  md.  Morveau,  Ann,  Chim,  71,  194;  also  Gilb.  34,  209.) 

2.  When  separate  masses  of  like  nature  come  into  close  contact  with 
one  another. 

If  the  surfaces  are  uneven,  the  points  of  contact  are  infinitely 
small,  and  the  cohesive  force  imperceptible.  But  if  the  bodies  touch  each 
other  by  large  flat  surfaces,  e,  g.,  well  polished  glass  or  metal  plates,  the 
number  of  points  of  contact  is  greatly  increased,  and  the  cohesion  becomes 
very  evident.  If  the  surfaces  touched  at  all  points,  the  cohesion  of  the 
boifies  would  bo  as  powerful  in  this  direction  as  in  any  other. 

3.  When  bodies  pass  gradually  from  the  liquid  to  the  solid  state. 
In  this  case  the  particles  unite. 

(1.)  In  masses  of  indefinite  external  form,  which  refract  light 
singly  in  every  direction,  are  equally  easy  or  equally  difficult  to 
separate  in  all  directions,  and  when  broken  exhibit  a  conchoidal 
fracture;  Amorphous  bodies,  such  as  glass  and  gum. 
Or, 

(2.)  In  masses  of  geometrical  shape,  bounded  by  flat  surfaces,  and 
having  solid  and  dihedral  angles  of  constant  magnitude  for  the 
same  matter  and  form, — having  as  great  a  degree  of  transparency 
as  is  consistent  with  the  nature  of  the  matter  of  which  they  are 
formed, — for  the  most  part,  refracting  light  doubly  in  certain 
directions — and  finally,  presenting  greater  facilities  of  separation 
or  cloavago  in  certain  directions  lying  in  determinate  planes 
than  in  others;  Crystals, 
Mnny  bodies  are  more  disposed  to  the  amorphous,  others  to  the  crys- 
talline form :  a  great  many  may  however  be  obtained  in  one  state  or  the 
other,  according  to  circumstances. 

Crystallization. 

To  enable  a  body  to  crystallize,  it  must  first  be  brought  into  the 
lirjuid  or  gaseous  state.  This  is  effected  either  by  elevation  of  tempera- 
ture, in  c()ns(U|uence  oi  wliich  the  body  melts  (Copper,  Bismuth)  or  sub- 
limes (Sal-ammoniac,  Iodine),— or  else  by  causing  the  body  to  combine 
with  another  pondcnible  body,  which  either  at  the  ordinary  or  at  a  some- 
what higher  temperature  is  liquid  or  gaseous  (salts  dissolved  in  water, 
sulphur  in  sulphurct  of  carbon,  sulphate  of  baryta  in  oil  of  vitriol,  cam- 
phor, benzoic  acid,  &c.  in  alcohol,  iodine  in  hydriodic  acid  gas) : — the 
causes  which  have  brought  the  body  into  the  fluid  state  must  subse- 
quently bo  removed. 

1.  If  heat  has  been  the  only  liquefying  power,  or  if  it  has  served  to 
render  a  solid  more  soluble  in  a  fluid,  cooling  must  be  resorted  to.  To 
obtain  definite  crystals  from  a  melted  mass  (sulphur  or  a  metal  for 
instance),  it  is  allowed  to  cool  to  a  certain  extent  only,  and  the  yet 
remaining  liouid  portion,  which  if  left  in  contact  with  the  first  formed 
crystals  would  unite  with  them  into  an  amorphous  mass,  poured  out. 
The  vapour  of  sulphur,  iodine  or  sal-ammoniac  is  conducted  into  a  colder 
part  of  the  apparatus,  where  it  deposits  crystals.  A  warm  solution  of 
various  salts  in  water,  of  sulphur  in  sulphuret  of  carbon,  of  camphor,  &c. 
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in  alcalml  Jepoaits,  upon  coolincr,  in  the  crystalline  state  that  portion  of 
the  solid  buily  wliich  tlie  liquid  is  not  capable  of  retaining  in  solution  at 
the  lower  tcmp^?riituro. 

A  renifirkjible  anomaly  is  often  observed  in  tlio  cooling  of  such  solu- 
tions, TJz.,  tliiit  wlicn  kept  perfectly  still  and  in  covered  or  (stoppered 
vefsels,  tLey  may,  without  losing  their  lit  pod  form,  be  cooled  inncli  below 
the  temperature  at  which  they  usually  crystallize;  under  these  circum- 
stances, a  sudden  crystal liKation  may  he  brought  about  by  agitation,  the 
intro«luctioii  of  a  solid  body,  Jkc,  Sec,  0(  ihU  the  fullowing  are  examples. 
Water,  when  cooled  in  open  yesj^els  and  not  at  absolute  rest,  below  0"  C, 
solidifies  in  a  crystalline  mass:  but  in  stoppered  bottles  or  thermometer 
bulbs,  it  may  often  be  cooled  as  low  as  —  6^  without  freezing,  and  when 
tbe  Teasel  is  .shaken  or  opened,  or  a  piece  of  ice  put  in,  crystallization 
suddenly  takes  place,  the  crystals  beginning  to  form  at  several  points  at 
once  and  quickly  radiating  through  the  liquid;  the  temperature  at  the 
sajno  time  rises  to  0^.  The  formation  of  mists  over  the  surface  of  lakes 
sometimes  observed  at  the  moment  of  freezing  is  perhaps  dependent  upon 
this  action.  Pure  phosphorus  melted  in  a  capsule  under  warm  wat<>r  will 
remain  all  night  in  the  liquid  state  at  a  temperature  of  4"5'*  C,  and  soUdify 
when  poured  out  upon  the  hand.  (Clark,  Ed.  Jouni.  of  Sc,  7,  281.) 
Phosphorus  boiled  with  caustic  potash  retains  its  fluid  state  at  the  ordi- 
nary temperature  for  months,  when  kept  under  the  solution,  and  solidiiies 
when  touched  with  a  dry  solid  body.  (Poggondorff.)  Sulphur  sublimed 
in  gmall  melted  drops  retains  its  tiuid  state  over  night  at  the  ordinary 
temperature,  and  solidifies  when  touched  with  any  solid  body.  (Faraday, 
Qu,  Jgui\  of  iic.  21^  392  ;  also  Fogg,  7*  240,)  Sul]diur  prccipitatefl  by 
water  from  chloride  of  sulphur  remains  fluid  at  the  bottom  of  the  liquid, 
but  solidiflrs  immediately  on  exposure  to  the  air.  (PoggcndorC  Fogg* 
7,  241,)  Glacial  acetic  acid,  which  in  open  vessels  cJ7staliizcsat  -|- 16°  C, 
may  be  cooled  to  —12'^  even  with  agitation  in  stoppered  bottles  without 
solidifying:  if,  howevcr»  the  vessel  be  opened  and  shaken,  it  crystallises 
at  +  15°,  even  when  the  outward  air  is  warmer  than  the  acid,  the  crys- 
tallisation beginning  at  the  top  and  quickly  shooting  through  the  whole 
nia«8.  (Lowitz,  Crdl,  Ann.  1700,  1,  2UD;  Geiger,  Sdnv.  15,  231.)  Oil 
of  anise,  wben  cooled  at  rest  in  a  closed  vessel,  often  remains  liquid  till 
it  11  shaken,  crystallization  then  taking  place  instantaneously.  (Buchner, 
EtptH,  15,64.)  Scheererite  after  fu.sicm  may  bo  kept  in  the  liquid  state 
at  ordinary  temperatures  for  several  days,  and  crystallizes  instantly  on 
being  touched  with  a  platinum  wire  or  gloss  rod.  (Stromeyer,  Kaitn. 
ArchiiK  10,  114.) 

Many  salts  dissolved  in  hot  water  exhibit  this  anomaly,  especially  aul- 
plmte  of  soda.  A  hot  solution  consisting  of  equal  parts  of  w*ater  and 
aystailized  Glauber's  salt  (sulphate  of  soda  with  10  atoms  of  water  of 
crystallization)  does  not  crystallize  either  on  slow  cooling,  or  when  quickly 
cooled  by  immersion  in  ccd^l  water, — whether  it  be  contained  in  a  baro- 
meter-tube freed  from  air  by  boilin^;  or  in  an  exhausted  well  closed 
reesel;  or  in  an  open  vessef  with  a  layer  of  oil  of  tuqicntine  npon  its 
sttrfatse,  (Gay-Lussac) ;  or  in  a  vessel  containing  air,  either  well  stopped 
or  merely  fnrDislied  with  a  loose  cover,  (Schweigger) ;  or  in  an  oiien 
vessel  under  a  bell  jar  full  of  air  and  close<i  at  the  bottom  with  a  water- 
joint  ;  or  in  open  bottles  placed  in  a  quiet  situation;  or  in  an  open  gla^s 
enclosed  in  a  stoppered  vessel  containing  air  and  some  prdasb  tc>  dry  it,  in 
which  Glauber's  salt  effloresces  and  wdien  washed  down  again  iloes  not 
caiwe  instant  crystallization  but  dissolves.     (Zias.)     The  crystallization  of 
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a  ffolntion  cooled  in  thb  manner  is  often  bronglit  about  instantaDeoDslj, 
often  again  after  a  ahort  time:  (1.)  By  agitation,  viz.,  when  the  solation 
has  been  cooled   in  an  open  vessel.     (2.)    By  access  of  air  caused  by 
opening  the  vessel,  the  crystallization  taking  place  the  more  quickly  in 
proportion  to  the  size  of  the  opening;   some  degree  of  motion  appears 
also  to  be  necessary.     In  this  case,  the  crystallization  begins  at  the  top 
where  the  solution,  the  vessel,  and  the  air  come  in  contact  with  each  other; 
it  is  only  when  a  particle  of  dust  falls  in  on  opening  the  vessel  that  the 
crystallization  begins  a  little  under  the  surface.     When  the  solution  haa 
been  coole<l  in  vacuo,  a  bubble  of  air,  hydrogen,  carbonic  acid,  or  nitrous 
gas  is  sufficient  to  set  up  the  crystallization.     (Gay-Lussac.)     (3.)  Bj 
contact  of  the  solution  with  a  solid  body  (a  glass  rod,  flint,  iron  wire, 
crystal  of  Glauber's  salt,  or  a  grain  of  dust  floating  in  the  air.)     These 
boilics  do  not  bring  about  the  crystallization  when  they  have  cooled  in 
contact  with  the  hot  solution,  nor  (excepting  Glauber's  salt)  when  thej 
are  wetted  or  warmed  before  contact  with  the  solution.     (Ziz.)     In  these 
cases  crystallization  is  effected  by  the  action  of  foreign  bodies.     If  a  solu- 
tion of  8  parts  of  Glauber's  salt  in  9  parts  of  water  be  left  to  crystal- 
lize, the  whole  then  warmed  in  a  flask  to  between  50*'  and  55""  C.,  tiU 
only  about  ^^j  of  the  crystals  remain  undissolved,  and  the  flask  corked  up 
ancl  cooled,  it  often  happens  that  the  remaining  crystals,  instead  of  causing 
the  rest  to  crvHtallize,  are  themselves  completely  dissolved, — slowly  when 
the  flask   is  inclined   in  such  a  manner  as  to  bring  them  in  contact  with 
the  upper  strata  of  the  liijuiil,  more  quickly  on  agitation,  which  however  is 
very  likely  to  cause  crystallization.     If,  on  the  other  hand,  the  solution 
fonncd  between  50°  and  55^  be  poured  off*  from  the  crystals  into  a  basin 
and  allowed  to  crystallize,  the  mother-liquid  thus  obtained  will  not  dis- 
Bolvrj  the  -^j  of  the  crystals  above  mentioned.     There  are  therefore  two 
Holutions  to  be  diHtinguished,  (I.)  The  saturated  solution,  i.  e.,  the  liquid 
which  remains  after  crystallization  of  the  superabundant  quantity  of  salt, 
from  a  hot  solution  in  an  open  vessel,  and,  (2.)  The  supersaturated  solu- 
tion, t.  e.,  the  solution  saturated  at  a  high  temperature  and  cooled  in  a 
close  vessel ;  this  latter  can  even  dissolve  an  additional  quantity  of  salt 
but  deposits  at  a  lower  temperature  crystals  of  sulphate  of  soda  containing 
1  atom  of  the  srilt  and  8  atoms  of  water.     (H.  Ogden.)     A  solution  of  2 
parts  of  Glauber's  sjilt  in  1  part  of  hot  water  yields  on  cooling  iu  close 
vessels  hard  transparent  crystals  of  sulphate  of  soda  with  8  atoms  of  water, 
which,  when  the  supernatant  liquid  is  made  to  crystallize  by  any  of  the 
preceding  methods  imincdiatcly  become  opaque.     (Goxe,  Ziz.)     When  51 
parts  of  crystallize<l  Glauber's  salt  are  dissolved  in  49  of  water,  and  the 
solution  after  cooling  below  10^  C.  made  to  crystallize  suddenly  by  any  of 
the  preceding  methods,  nearly  ^  of  the  Glauber's  salt  is  deposited,  and 
the  temperature  rises  to  13°  C.     This  is  attributed  by  Thomson  to  the 
conversion  of  liquid  water  into  solid  water  of  crystallization,  a  supposi- 
tion agreeing  pretty  well  with  calculation  (the  development  of  heat  con- 
sequent on  the  passage  of  the  salt  from  the  liquid  to  the  solid  state  must 
however  be  included  in  the  calculation.     Gm.)     The  assertion  of  Thcnard 
{Schw,  15,  257),  that  after  this  crystallization  there  remains  a  mother- 
liquid  which  is  no  longer  saturated  with  salt  at  the  existing  temperature 
seems  to  be  erroneous.     Thomson,  on  the  contrary,  finds  that  the  mother- 
liquor,  from  its  rise  of  temperature,  holds  in  solution  a  corresponding 
quantity  of  salt,  a  great  part  of  which  crystallizes  out  when  the  tempera- 
ture is  brought  back  to  10°. 

A  hot  concentrated  solution  of  chloride  of  calcium  cooled  in  a  stop- 
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pered  Lottie  crystallizes  when  agitated,  wtthuut  requiriug  the  bottle  to  ho 
openctl,  the  temperature  at  the  same  time  rising  very  considt^rubly. 
(Coxe,)  The  addition  of  a  few  drops  of  oil  of  vitriol  or  oxalate  of  ammo- 
nia does  not  cause  it  to  crystitlli;5e  ;  but  cryttallization  takes  place  when 
oold  water  is  po tired  uj>on  the  liquid  or  a  Btieam  of  dry  air  directed  upon 
it.  (Ogden.)  A  solution  of  I  part  of  erv-^tallized  carbonate  of  soda  in  4 
parts  of  warm  water,  when  cooletl  below  +  li>^  C.  crystallizes  on  open- 
ing and  shakint^  the  bottle;  the  tenipersiture  rising  about  8^  A  highly 
concentrated  solution  of  acetate  of  soda  remains  liquid  when  cooled  to 
-I-  10**  in  a  loosely  stopped  vei<8el :  hut  on  pouring  it  into  another  vessel  it 
solidities  to  a  iihroua  ma^^is,  the  temperature  rising  to  52-5'^,  (Gm.)  Under 
similar  ci re umi^ lances  HashoiT  (Br,  Archiv.  38,  326)  obtained,  upon 
stirring,  a  rise  of  temperature  of  5B^  0,  The  introduction  of  a  crystal  of 
aeeiate  of  soda  produces  crystallization,  but  not  so  quickly  as  in  the  case 
of  sulphate  of  soda*  (Ogden,)  A  hot  solution  of  sulphate  of  magnesia 
often  remains  fluid  when  cooled  in  close  vessels,  and  yields  granular 
crj^istals  when  shaken.  (Coxe.)  A  drop  of  alcohol  produces  in  the  solu- 
tion a  nucleus  from  which  the  crystallization  radiates,  (Ogden.)  A  mix- 
ture of  nitre  and  sulphuric  acid  yielded,  after  heating  for  some  time,  a 
clear  liquid  which  did  not  crystallize  on  cooling  till  a  crystal  of  nitre  was 
thrown  in,  a  rit-e  of  temperature  then  taking  place.  (Green,  Giib.  70, 
320.)  The  following  salts  exhibit  similar  phenomena  to  the  above: — 
Hyposulpbate  of  soda,  (Heeren);  carlionate,  phosphiUe  and  borate  of 
soda,  (Gay-Lnssac);  nitrate  of  lime,  sulphate  of  magnesia,  sulphate  of 
copper  and  nitrate  of  silver,  acetate  of  lead,  (Fischer,  SchuK  12,  187); 
nitnite  of  ammonia,  bisulpbate  of  potash,  bichromate  of  pota>h,  chloride 
of  barium,  sulphate  of  magnesia  and  nmmonia,  sulphate  of  zinc,  ferro- 
cyantdo  of  potassium,  oxalate  of  ammonia,  tartrate  of  potash  and  soda, 
and  tartrate  of  antimony  and  potash.  (Ogden.)  VV'arm  solutions  of  alum, 
protowulphate  of  iron  and  sulphate  of  copper  deposit  considerable  quauti- 
ties  of  crystals  upon  cooling;  but  opening  of  the  vessel  and  shaking 
bring  out  a  fresh  quantity,  (Coxe.)  Nitre- saccharic  acid  also  exhibits 
this  property.  (Mulder,  J,  pr,  Cfu  16,  293.)  The  following  salts,  on  the 
contrary,  crystallize  out  from  a  warm  solution  on  the  slightest  lowering 
of  temperature: — Sulphate  and  hydrochlorate  of  ammtmia;  sulphate, 
chlorate,  nitrate  and  neutral  ehromate  of  potash  ;  eldoride  of  potassium, 
chloride  of  sodium;  baryta,  strontia,  nitrate  of  baryta,  sulphate  of  mag- 
nesia and  potash,  nitrate  of  lead,  corrosive  subliroate  and  oxalic  acid. 
(Gay-Lussac,  Ogden.)  Generally  speaking,  those  salts  which  exhibit  the 
anonmly  cryBtallisEO  in  combination  with  a  large  quantity  of  water  of 
crystalfiKitmn  (bichromate  of  potash  and  nitrate  of  silver  excepted),  and 
tlioso  which  do  not  exhibit  it,  with  little  or  no  water  of  crystallization, 
Thi«  anomaly  is  explained  by  Berthollet  {Siatiqne  Ohim.  I,  32,)  and  by 
Gay-Lussac,  on  the  supposition  of  a  sluggishness  of  the  ultimate  particles 
of  the  salt*  So  also  Tlienard  supposes  that  the  particles  are  brought  by 
agitation  into  different  relative  poBitions,  (It  must  be  obserred  however 
that  shaking  in  closed  vessels  often  fails  to  produce  crv»tftHization.)  At 
n\\  events  it  may  he  admitted  that  in  those  cases  in  which  the  cohesive  force 
has  gained  the  preponderance  over  other  forces,  such  as  the  affinity  of  a 
body  for  heat  or  for  ponderable  solvents,  mechanical  disturbance  is  often 
required  to  bring  it  into  active  operation.  Compare  Gay-Lussac  (Ann, 
Chim.  87,  225,  also  Schw.  0,  70;  likewise  Arm.  Chim.  Fht/^,  11,  301); 
Schweigger  (Schw.  9,  79)»  Ziai-  (Schte,  15,  160),  Tliomson  (Ann.  PhiL 
Id,  169);  H,  Ogden  (N:  Md.  thiL  J.  13,  309). 
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IL  If  tlie  crj^^talliziiUlo  hf^ly  liaa  been  itijueficil  by  cciniKination  with 
aDotht?r  ]>fmJcralile  body,  the  latter  mni*i  he  eeparated  from  it.  This  is 
elFccteil  either  by  driving  ofT  the  latter  iu  the  form  of  vapour,  at  a  high 
or  a  low  temperature,  in  the  open  air  or  in  vacuo,  as  the  case  may  be;  or 
else  by  removing  the  solvent  by  virtne  cjf  its  affinity  for  another  ponder- 
able body.  Thu^  nitre  crystallizes  from  an  aqueous  sohuion  on  the  a<hJi- 
tion  of  alcohol,  camphor  from  an  alcoholic  solution  on  the  addition  of 
water,  iodine  from  its  solution  in  hydriodic  a*nd  gas  on  the  introduction 
of  a  small  quantity  of  chlorine. 

During  crystiillization  the  following  phenomena  are  observable :^ — I. 
The  more  slowly  the  liquelied  body  is  brought  back  to  the  stolid  t<tate,  and 
the  more  the  liquid  ia  kept  at  rest,  the  smaller  in  the  number  and  the 
greater  the  size  and  regularity  of  the  crystals;  but  if  tlie  solvent  he  cooled 
or  separated  quickly,  the  crystals  ore  nmneroua  hut  .^mall  and  ill  defined. 
For  in  the  former  case,  the  particles  of  the  solidifying  body  have  time  to 
unite  themselves  regularly  with  those  which  separate  tirst  from  tlie  fluid 
and  form  nuclei  of  crystal liiation  ;  if  on  the  contrary  the  crystallization 
takes  place  rapidly,  a  great  number  of  particles  solidify  at  the  same  time, 
each  fonning  a  nucleus  to  which  other  portions  may  attach  themselves, 
and  thus  we  obtain  a  number  of  cryi?tals  irregularly  formed  ami  inter- 
lacing eoch  other  in  all  directions.  Iu  this  consists  the  ditlerence  between 
eugar-candy  and  loaf-sugar;  similarly,  all  granular  and  fibrous  bodies,  such 
0.9  statuary  marble  and  tibrous  gypsum,  muet  he  regardcil  as  collections  of 
imperfectly  formed  crystals  equal  in  number  to  tliat  of  the  grains  or  fibres. 
To  obtain  crystals  as  large  and  regular  m  possible,  Lei » lane  recommends 
(,/,  Ph/s,  5^5,  300)  to  lillow  a  solution  not  quite  saturated  to  cool  slowly,  so 
that  none  but  distinct  crystals  may  be  formed,  then  to  pick  out  the  best 
fonned  of  these  and  lay  them  sejiarate  from  one  au/)ther  in  a  solution  of 
the  same  salt,  which  by  gentle  warming  in  contact  with  the  salt  has  been 
made  to  hold  in  solution  a  quantity  of  it  just  a  little  greater  than  that 
which  it  can  retain  at  the  ordinary  temperature,  so  that  it  may  deposit 
this  excess  on  the  crystals  laid  in  it.  This  treatment  is  repeated  till  the 
crystals  have  obtained  the  desired  magiiitude,  care  being  taken  to  turn 
them  frequently,  because  the  surfaces  resting  on  the  bottom  are  in  a  less 
favourable  position  than  the  rest  for  taking  up  fresh  particles.  The 
trouble  of  repeatedly  preparing  a  sliglitly  supersaturated  solution  may  he 
saved  by  suspending  in  the  upper  part  of  the  liquid  a  quantity  of  the  salt 
contained  in  a  bag  of  muslin  or  a  funneh  For  whenever  tlie  tenq>eratnrc 
rises,  the  wanner  part  of  the  liquid  will  come  to  the  surface,  where  it 
will  dissolve  a  portion  of  the  suspende<l  salt,  and  then  becoming  specifi- 
cally heavier,  it  will  sink  to  the  bottom  of  the  vessel  where  the  cry9t;ils 
are  placed:  thus  the  crystals  will  continue  to  grow,  and  nothing  further 
will  be  aeeessaiy  than  to  turn  them  frequently. 

2,  Generally  speaking,  crys-tals  exhibit,  so  far  as  can  he  observed, 
the  same  external  form  on  their  first  formation,  that  they  have  at  a  sub- 
sequent stage.  Probably  the  primitive  form  is  first  developed  ami  passes 
into  the  secondary  by  the  subsequent  annexation  of  matter  according  to 
fixed  laws.  Thus  the  octohedron  of  alum  exhibits,  as  lately  olKserved  by 
F.  Richter  {Zeitschr,  Ph.  ik  W.  3,  3-48),  the  same  truncations  of  the  edges 
and  summits  at  its  tirst  formation  as  after  its  complete  development 
When  however  the  formation  of  crystals  is  suffered  to  go  on  at  intervals 
and  in  liquids  of  diflcreut  nature,  the  external  form  may  bo  greatly  modi- 
fied, Thih  may  be  observed  in  eerttiin  crystallized  minerals  which  often 
possess  a  nucleus  and  an  onvelojj  of  diE'erent  colours.     Fluor-spar  cxhi- 
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lilts,  accortlitijr  to  F.  Riclitor  iZeitschr,  Ph.  ik  W,  2,  111),  tlio  following 
fonns  :  a  rose-coloured  oc I oheuron  witliin  a  green  i:ube;  a  yellow  eiilio- 
octobe*lron  {p)y.  4)  wlioso  oetoliedral  faces  aloue  are  covered  with  a  violet 
layer;  a  lilno  (loilecahedroii  {fy.  3)  cavcloj»ed  in  a  green  cube;  a  calio- 
iictoheilroii  (f//.  4)  within  a  pyramidal  cnbe  (f^.  f>),  &C-  In  such  cosqs 
the  inner  and  outer  mass  always  exhibit  parallel  cleavage.  Similar  plie- 
tiomena  are  aUo  seen  according  to  Richter  in  calc^par  and  other  minerals, 
3*  Crystals  are  formed  in  fiituatiotis  where  the  principle  of  fluidity  ia 
removed  from  them,  or  where  they  are  led  to  attach  themsclvej^  by  adhe- 
sion. Hence  they  form  on  the  surface  of  the  liquid  in  .so  far  aa  evapora- 
tion ond  cooling  by  the  influence  of  the  air,  or  adhesion  of  the  air  to  the 
cryj? tills  can  give  rise  to  their  production  ;  also  on  the  bottoms  and  sifles  of 
the  containing  vessel?*,  inasaiuch  as  these  abstract  heat,  and  exert  adbe- 
eive  power  on  the  crystals ;  lastly^  on  soliil  bodies  immersed  in  the  liquid, 
such  bodies  aetlng  by  adhesiou.  For  the  most  part,  crystals  deposit 
tliemselvos  more  csvsily  on  wood  and  string  than  on  porcelain,  glass,  and 
metiil ;  more  easily  on  porcelaiu  than  on  glass;  on  rough  than  on  smooth 
glass: — ^  com  pare  GritBths  {Ann,  Pharyn.  22,  210),  Hence  it  is  easy  to 
explain  the  fact  that  when  a  glass  containing  a  crystalltzablc  liquid  is 
scratched  with  a  glass  rod,  the  crystals  deposit  themselves  in  preference 
on  tlie  scratches,  Tlie  first-forraed  mass  of  crystals  serves  for  the  rest  to 
attach  themselves  to,  and  attracts  them  more  strongly  than  foreign  hodiea 
would.  Thus,  according  to  Ldwitx,  the  introduction  of  a  crystal  of  nitre 
into  a  solution  of  nitre  and  Glauber"*8  salt,  prepared  hot  and  subsorj neatly 
coijled,  causes  the  nitre  to  separate  alone:  a  crystal  of  Glaubers  salt 
removes  only  the  Glauber's  salt ;  whereas  if  the  solution  be  left  to  itself, 
l>oth  s/ilts  crystallize  out  together,  the  crystals  interlacing  each  other. 
If  a  drop  of  a  solution  of  gypsnm  be  left  to  evaporate  on  a  freshly  cleft 
surfiice  of  a  crystal  of  gypsum,  the  microscope  will  show  an  innumerable 
collection  of  crystfJs  of  gypsum  formed  on  the  surface,  all  parallel  to_oae 
sncdher  and  to  the  original  crystal.     If  theevnporation  tukes  place  on  the 

I  sarface  uf  a  foreign  boily  this  parallelism  is  not  observed  (Frankenheim, 
Poffff,  27,  516.)  Wheu  a  solution  evaporates  below  its  boiling-point,  the 
first  crystals  are  usually  deposited  on  the  sides  of  the  vessel  at  the  upper- 
most surface  of  the  liquid :  another  portion  of  the  liquid  often  rises 
through  these  and  yields  by  evaporation  new  crystals  which  ultimately 
make  their  way  over  the  edge  of  the  vessel.     This  is  Ejflorescence.     When 

f  crystals  form  at  the  bottom  of  a  liquid,  a  current  is  produced,  because  the 
in<lividual  crystals  take  from  that  jiart  of  the  solution  with  which  they 
are  immediately  in  contact  as  much  of  the  salt  as  is  possible  under  the 
existing  circumstances;  consequeutly  this  part  of  the  liquid  bec^mea 
lighter  and  rises  to  the  surface,  its  place  being  supplied  by  a  more  satu- 
rated portion  of  the  liquid, 

4.  When  a  body  crystallixes  from  solution  in  a  liquid,  and  the  latter 
is  not  completely  removed  by  evaporation,  there  remains  a  portion  called 
the  Mof/i^'-Ikpior  {Eaumere,  MuUtrhinge).  This  liquid  holds  in  solution 
a«  much  of  the  crystallizing  body  as  is  consistent  with  its  quantity  and 

^  teni|>eratnre.     It  often  banpens,  especially  when  crystallization  proceeds 

I  rapidly,  and  the  crystalhno  luminfo  in  the  act  of  uniting^  leave  small 
epiices  between  them,  that  small  and  (even  with  regard  to  the  earae  sub- 

I  itance)  very  variable  quantities  of  the  mother-liquid  remain  enclosed  in 

( the  crystalline  nuvss,  forming  the  Water  of  Decrepitation  {ZerknUtej^ngii' 
wniiftrr).     Crystals  which  contain  liquids  thus  enclosed  and  do  not  melt 

1  below  the  boiling  point  of  the  mother-liquid,  exhibit,  when  heated,  the 
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phenomena  of  Decrepitation  {Zerhnitirrn)^  tbe  vapour  given  off  from  the 
mather-liqiiit!  burstinj^  the  crystidllne  raasa  with  violence.  This  water  of 
decrepitation  which,  as  an  accidental  mechanical  admixture  has  no  influ- 
ence OB  the  form  of  the  crystal,  is  altogetlier  different  and  must  ho  care> 
fully  dietingui^bed  from  ihe  chcniically-comhined  water  which  certain 
crystals  contain  in  definite  proportion,  and  which  is  essential  to  their 
crystalline  form.  Common  m\t  crystallized  hy  slow  evaporation  from  an 
aqueous  solution  does  not  decrepituto;  but  when  crystallistod  hy  rapid 
boiling  of  the  li'^jiiid  it  decrepitates  violently.  Many  forma  of  catcspar 
deci^pitato,  others  not.  According  to  Baiidrimoiit  (./.  Phann>  22,  337), 
who  regards  decrepitation  as  the  result  of  unequal  beating  of  laminar 
masses  (?),  the  salts  which  exhibit  this  ))roi>erly  nio^t  strikingly  are; 
iodide,  bromide  and  chloride  of  potassium,  bromiile  and  chloride  of 
sodium,  igulpbate,  chromate  and  bichromate  of  potash;  nitrate  of  baryta, 
red  ferrocyanide  of  potassnnii  and  cyanide  of  mercury. 

Decrepitation  takes  place  for  the  most  part  in  those  crystals  obtained 
from   aqueous   eolytioiie,   which    do    not   contain    chemically    combined       h 
water:  some  salts,  howeveri  whicli  contain  small  quantities  of  combiued       H 
water,  such  as  bicarbonate  of  pota^sb,  bitartratc  of  potash,  tartar-emetic, 
and    neutral    acetate   of    copper,    dccrei)itate   slightly    from    containing 
raotber-li^uicl  mwhauicaliy  inclosed  in  them.     The  occurrence  of  decrepi-       h 
tation  in  cbloride  of  sodium  artiticially  cryatallized  from  an  aqueous  solu-      H 
tlon,  and  its  non-occurrence  in  rock-salt,  leads  to  the  supposition  that  the 
latter  has  been  crystallized  from  a  state  of  igneous  fusion.     There  is  but 
one  variety  of  r(»ck-salt  that  decrepi  tit  tes  when  heated,  viz,»  the  decrepi- 
tating salt  of  Wielitzka,  the  decrepitation  proceeding  however  not  from 
meebanically  included   water,  but  from  hydrogen  and  other  inflammable 
ga^es  existing  in  the  salt  in  a  high  state  of  condensation,     A  similar  phe- 
nomenon  IS  observed  in   many    crystallized   minerals  occurring  in    me- 
tallic veins,    such   as    heavy   spar,    calcspar,  lluor   f*par,   ironspar,  lead 
spar,  galena,  iron  pyrites,  copper  pvrites,  grey  copper  ore,  &c.,  which 
sometimes  decrepitate,  mjinetinies  not ;  and  in  the  former  case  give  out, 
not  water,  but  probably  a  gas  which  was  enclosed  between  their  lamina? 
in  a  highly  compressed,  perhaps  even  in  the  liquid  state,     (H.   Rose, 
Fogg.  48,  354.) 

If  a  solution,  in  addition  to  the  crystallizing  substance^  likewise  con- 
tains others  which  are  less  easily  crystal  liveable,  the  latter  will  remain  in 
the  mother-liquid  after  the  separation  of  the  greater  part  of  the  former. 
Tbis  circunifitaDcc  furnisbea  a  met  boil  of  purifying  easily  crystal  I  izable 
substances  by  repeated  solution,  erystallization,  pouring  ofT  of  ibe 
mother-liquid,  washing  with  small  quantities  of  the  cold  solvent,  and 
pressing  between  blotting-paper  In  tbis  method  of  purification,  the 
formation  of  large  crystals  by  slow  cooling  or  evaporation  is  uji:ually  pre- 
ferred, because  tliey  present  fewer  surfaces,  and  are  therefore  more  easily 
freed  by  washing  from  the  adhering  mother-liquid-  On  the  contrary,  in 
the  new  French  method  of  purifying  saltpetre,  the  smallest  possible  crys- 
tals are  formed  by  constant  stirring  and  rapid  c^JoOng  of  the  hot  solution, 
because  large  crystals  of  tins  salt  contain  a  larger  quantity  of  meclmni- 
cally  included  mother-liquid  which  cannot  be  removed  by  washing.  If 
however  it  bo  remembered  that  the  more  slowly  crystallization  takes 
place,  the  less  is  the  quantity  of  mother-liquid  inclosed,  and  moreover 
that  small  crystals  are  much  more  difficult  to  free  from  liquid  adhering  to 
their  surfaces  than  large  ones,  we  shall  probably  agree  witli  Clement  and 
Desormes  {Ann,  Chim,  02,  248),  notwithstanding  the  objections  of  Long- 
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champ  [Ann.  Chim.  Phya.  !)»  200)  in  giving  the  preference  to  alow  crys- 
tal lization,  Tlic  Tiietliodicd  purification  of  a  saltj  ealtpetre  fcir  example, 
bj  crystallization  J  may  be  conducted  as  follows.  (L)  The  saltpetre  is 
heated  with  water  in  a  vessel  a,  till  it  is  dis^s^olved.  It  is  then  left  to 
ciT*»tallize  by  cooling,  the  mother-liquid  |^n:>ared  ofl*  as  completely  a^i  pos- 
sible into  another  vessel  d»  by  gradtially  inclining  the  vessel  a  ;  the  crys- 
tals are  then  repeatedly  washed  with  a  small  quantity  of  cold  water* 
which  after  Fuch  washing  is  nm  off  as  completely  as  pos.^ilde  into  B, 
(2,)  The  ve^yel  A  is  lieiitrd  with  water  till  the  Bait  is  dissolved,  and  b 
till -I  of  the  contained  liquid  is  evaporated;  the  mother-liquid  from  n, 
after  the  crystals  ure  deposited,  is  poured  into  a  third  vessel  c;  the  crys- 
tals in  B  repeatedly  washed  as  aforesaid;  then  the  mother-liquid  and  like- 
wise the  wash-water  from  a  poured  upon  the  crystals  in  b.  (3.)  All 
three  vessels  are  hciited  till  the  crystals  in  A  are  dissolved  in  fresh  water, 
those  in  b  in  the  mother-liquid  and  wa-sh-water  from  a,  and  the  liquitl  in  c 
suftii'iently  concentrated.  In  this  manner  the  proccBs  is  continued,  smaller 
and  smaller  vessels  being  used  in  the  successive  stages  till  the  saltpetre  in 
A  appears  perfectly  pure,  then  that  in  b,  and  so  on  Nearly  all  the  im- 
purities of  the  saltpetre  collect  in  the  last  vessel  a;  those  near  it  contain 
small  quantitiej?  of  the  salt  in  an  impure  state. 

5.  The  formation  of  crysstals  in  always  accompanied  by  develojnnent 
of  heat:  this  is  particularly  eviileiit  when  the  crystallization  is  rapid^  and 
is  therefore  most  conspicuons  in  the  before-mentioned  anomalous  cases  of 
the  sudden  crystal  I  ixat  ion  of  a  c*)o1ed  liquid.  In  a  few  instances  crystal- 
HxatioB  is  attended  with  production  of  light,     {vide  Light.) 

External  Form  of  CrysiaU, 

The  number  of  crystalline  forms  amounts  to  several  thansands. 
According  to  the  proportions  of  their  linear  dimensions,  or  axes^  they  may 
be  arranged  in  a  small  rinml>er  of  groups,  w  hich  in  Weiss's  System  of 
Cryfitallofjrajihy  {Ahh,  </.  physik.  Clause  tier  K.  Acadetme  d,  Wiss.  zu 
Berlin,  1814,  1815,  S  298),  are  a^i  foll*»w6:  — 

A.  The  proportion  of  the  parts  may  be  determined  by  three  linear 
dimensious  or  axes,  at  rigli  t  angles  to  each  other. 

a.  The  three  dimensions  equal  Heipdar,  Sphei'oidal^  Tcuul^r  system, 
(Tlegulares,  spharoedrisches,  tessularisches  kryst  alley  stem  ) 

ft.  All  the  faces  of  the  crystal  similar;  at  each  end  of  the  axis  the 
relation  between  the  faces  in  /our  directions  is  the  same,  llomospheroidal 
gysteni  (Homospharoedrisclies  system)  to  which  belong  the  cub€y  re<inlar 
octofiedron,  rhoniboidal  dodecahedron^  trtipesoh4*dron,  pyi*aniidal  cvbe^ 
pyr^imidal  odohtdrony  pyramidal  dodecodt^droHf  Sic.  (Diamond,  sal- 
ammoniac,  common  salt,  fiulphuxet  of  zinc,  most  simple  metals,  <!^c. 
Fiff,  1—12,) 

0.  One  haif  of  the  similar  faces  h  ol>l iterated  by  the  other  half:  at 
each  end  of  the  axes  a  similar  relation  of  the  faces  exi.sts  in  two  opposite 
directions  only.  Hctnifphcroidal  system  (Hemispharoedritfchcs  system). 
To  this  belongs,  on  the  one  hand,  the  regular  feiroAedron  fonned  by  the 
obliteration  of  four  faces  of  the  regular  octoliedron,  with  itfi  modifications 
(Fablerst,  boracite,/^.  13 — 17):  and,  on  ihe  other  ]mnd,  the  pentayonal 
dodecahedron  and  it«  modifications,  formed  by  the  obliteration  of  12 
ittces  of  a  pyramidal  cube,     (Iron  pyrites, /c;.  18 — 20.) 

b.  Only  two  axe>^  equal,  Fifur-jnemhered^  Two  and  one^a^,  or  Sqttare 
prismnik  System  (Viergliedriges,  iwei-nnd  einaxiges  oder  qua^ratischea 
system),  to  which  belong  the  acute  and  obtuse  octohedron  with  a  square 
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'/«?,  thjt  $guare  prism,  ami  the  regular  octagonal  prism  (Molybdate  of  lead, 
xircjD;  calomel,  ferrocyanide  of  |>otas8iutu,  tin-stone,  Jtc.     Fig.  21^-40.) 

c.  All  three  axes  unequal. 

m.  All  the  similar  facea  exist :  the  primitive  form  to  which  the  others 
may  be  immediately  re<lnccd  b  an  octohedron  with  a  rhombic  base. 
7VrI>  and  tufo-iw^ndjered,  One  and  one-axis,  or  Right  prismatic  system  (Zwei 
and  zwei-gliedrij^  odtr  cin  und  ein-axiges  system).  This  comprises  the 
rhombic  octohedron  {^g,  41),  the  rectangular  octohedron  (Jig,  47),  two 
double  tetrahedrons  (one  represented  in  Jig,  54),  the  upright  rhombic 
prism  (Jig.  44>,  the  rectangular  prism,  and  numerous  more  complicated 
form!?.  (Sulpliur,  nitrate  of  potash,  sulphate  of  lead,  heavy  spar,  sulphate 
of  magnesia,  &c.     Fig.  41 — 80.) 

6.  Part  of  the  similar  faces  obliterated  ;  the  lower  for©  and  upper 
back  y-fjurfuces  of  Jig.  54.  The  primitive  form  is  a  rhombic  prism  with 
oblique  tenninal  faces,  so  placed  that  one  diagonal  of  the  terminal  fEM^es 
is  fierpendicular  to  two  of  the  lateral  edges,  the  other  diagonal  in- 
cline<l  to  the  remaining  edges;  sometimes  the  base  is  obliquely  in- 
clined to  the  obtuse  lateral  edges  (Jig.  81),  sometimes  to  the  acute 
ones  (Jig.  91).  To  this  system  also  belongs  the  oblique  rectangular 
prism  (Jig.  82  and  92).  Two  and  one-memhered  or  Oblique  prismatic 
system  (Zwei  und  eingliedriges  system).  (Augite,  borax,  gypsum, 
phosphate  of  ammonia,  green  vitriol,  &c..  Jig,  81 — 119.)  A  modification 
of  this  system  is  the  one  and  two-niemJ}€red  (ein-und  zweiffliedriges  system). 

y.  We  must  here  introduce  the  system  discovered  by  Mitscherlich 
(Fogg.  8,  427)  in  hyposulphite  of  lime  and  protonitrate  of  mercury,  the 

1>rimitivc  form  of  which  is  a  rhombic  prism,  in  which  the  faces  u  and  u 
lave  the  same  value,  but  the  base  is  obliquely  inclined  to  all  the  lateral 
edges :  as  happens,  for  example,  when  the  face  a  (fig.  99)  obliterates  the 
faces  i  and  «,  (pj,  120.) 

^.  By  obliteration  of  two  parallel  y-faccs,  and  two  parallel  w-faoes 
(///.  54)  at  once,  and  replacing  of  the  latter  by  two  new  hkces  v, 
there  arises  a  rhomboidal  prism  whose  tenninal  faces  are  obliquely 
inclined  in  such  a  manner  that  both  their  diagonals  make  oblique 
angles  with  the  lateral  edges  of  the  prism.  Only  the  parallel  faces 
and  the  diagonally  opposed  edges  and  summits  arc  equal  and  similar. 
One  and  one-meinbered  or  Doubly  oblique  prismatic  system  (Ein-und 
eingliedriges  system).  Sulphate  of  copper,  boracic  acid,  gallic  acid,  &c. 
Fig.  121—130. 

B.  The  relation  between  the  parts  of  the  crystal  may  be  determined 
by  assuming  4  linear  dimensions,  3  of  which,  of  equal  length,  are  con- 
tained in  one  plane  and  inclined  to  one  another  at  angles  of  60^:  the 
fourth  is  placed  at  right  angles  to  them.  Three  and  one-axis  or  Bhom- 
bohedral  system  (Drei-und  einaxiges  system), 

a.  All  the  similar  faces  exist:  at  each  end  of  the  lateral  axes,  the 
same  relation  of  the  faces  exhibits  itself  both  above  and  below.  Six- 
memberexl  system  (Sechs-gliedriges  system)  including  the  double  six-sided 
pyramid,  the  six-sided  and  twelve-sided  prism,  &c.  (Apatite,  &c.  Jig. 
131—140.) 

b.  Of  each  pair  of  similar  and  parallel  faces  one  is  wanting ;  at  each 
end  of  the  lateral  axes  the  npper  face  or  faces  differ  from  the  lower  both 
in  number  and  situation.  Three  and  three-membered  system  (Drei-und 
dreigliedriges  system).  The  primitive  form  of  this  system  is  the  rhom^ 
bohedron,  which  we  may  imagine  to  be  formed  from  the  double  six-sided 
pyramid  by  the  obliteration  of  half  of  the  faces  alternately  disposed. 
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(Calcgpar,  cinniibar,  p<?roxide  of  iron,  sesqiiiaxide  of  cliromiiini,  &c.,/^, 
141_]fT0*.) 

The  primitive  foniis  of  these  systems  are  moreover  subject  to  innu- 
merable modi  lie  at  ions  from  truncations,  formiition  of  edges  and  angles, 
divisions  and  eurvaturCvS. 

Tlic  $ame  kind  of  matter  may  crystallize  in  various  forms,  wbich  how- 
ever in  most  eases  bebjni;  to  one  single  crystalline  syistem  only,  are  com- 
patible with  regard  to  their  angles,  and  may  lie  deduced  from  a  common 
primitive  form.  Thus,  calcspar  occurs  in  mon-  than  100  crystalline  forma 
which  however  all  belong  to  the  3  and  3- mem  be  red  system,  and  are 
derivable  from  an  obtuse  rbombohedrou  (/tV;,  HI).  If  we  are  acquainted 
with  but  one  form  of  a  crystalline  body  we  may  yet  conclude  that  the 
body  migbt,  under  certain  circumstances,  assume  all  the  other  forma 
belonging  to  the  same  system.  Why  the  same  sub&tanecs  should  assume 
aometiuies  one  sometimes  another  form  belonging  to  tlie  same  system,  h 
not  yet  .^ati^^factorily  ascertained.  According  to  Beudant  (Afin,  Chini, 
I^ft^s,  H,  5),  temperature,  electrical  condition,  the  concentration  and 
volume  of  the  Itouid,  the  form  and  substance  of  the  containing  vessel, 
the  state  of  the  barometer  and  liygrometer,  have  no  iuiuenco  oii  the 
form  assumed.  Bouchardat  also  (Awk  Chim,  Phfs.  52,  21*(J),  obtained 
common  salt  constantly  in  cubes^  and  alum  in  octobcdronp,  differing  only 
in  magnitude,  wliether  the  crystallization  took  place  in  vessels  of  sulphur, 
graphite,  or  metals  of  the  most  various  kinds.  Tbo  greatest  influeuco 
jpe&rs  to  be  exerted  by  the  presence  of  forrign  bodies  in  the  crystal- 
izing  liquid.  Sal-animouiac,  which  crystallizes  in  octcdiedrons  from  a 
solution  m  pure  water,  produces  cubes  when  the  li<|uid  contains  a  largo 
quantity  of  urea,  and  cubo-octohedrons  when  a  small  quantity  of  urea  or 
bomcic  acid  is  present.  Common  salt,  which  when  abuie  crystallizes  in 
cubes,  assumes  the  octohednil  form  when  the  liquid  also  contains  urea, 
and  the  cubo-octohcdml  when  bonicic  acid  is  present.  Chloride  of  potas- 
sium which  aeparates  in  cubes  from  a  pure  aqueous  solution,  deposits 
culies  with  truncated  edges  when  the  liquid  also  contains  corrosive  subli- 
mate {fi^h  *'*)'  A  solution  of  alum,  to  which  a  little  alcohol  has  been 
Ided,  yields  cubes  instead  of  octohedrons ;  the  addition  of  hydroehloric 
id  to  the  same  solution  causes  tlic  alum  to  crystallize  in  cubo-icosahe- 
rons  (fiif,  20);  the  addition  of  borax  gives  rise  tn  cubo-octo-dodecahe- 
Irons  T/g.  8).  Protosulpbate  of  iron,  which  by  itself  crystalliises  in  tbo 
Drm  fiEown  in  fy.  Ill,  yields,  according  to  Beudant,  when  its  solution  is 
ixed  with  sulphate  of  zinc  or  sulphate  of  niiignesia,  crystals  which 
[exhibit  only  the  *-,  u-  and  c-  faces;  but  if  hydrochloric  acid,  borax,  or 
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phosphate  of  Boda  be  prc8ont,  tho  crystals  exhibit  a  greater  nnmber  of 
tacort  than  thoso  represented  in  fig.  111.  According  to  Bendant  again,  a 
solution  of  alum  or  green  vitriol  mixed  with  finely  pounded  sulphate  of 
lead,  deposits  in  the  paste  which  settles  at  the  bottom  a  number  of  crys- 
tain  having  fewer  and  lesd  polished  faces  than  those  obtained  from  pure 
aolutions  of  the  same  salts:  this  effect  is  attributed  by  Bendant  not 
eo  much  to  any  mechanical  influence  exerted  by  the  powder,  as  to  the 
ohemical  action  of  the  extremely  small  quantity  of  sulphate  of  lead 
which  dissolves  in  the  water.  The  peculiar  forms  of  fluor-spar  men- 
tioned on  page  18,  likewise  indicate  tho  presence  of  foreign  matter  at 
certain  times  durhig  its  crystallization.  In  some  cases  only,  as  for  example 
that  of  i)ri)toHu]phato  of  iron  mixed  with  sulphate  of  line  or  sulphate  of 
oopi>er,  haH  it  iNton  <]omonstrate<l  that  the  foreign  body  separates  from 
tho  Hf>lution  along  with  tho  crystals ;  in  most  instances,  on  the  contrary, 
0.//.,  rotiitiion  Halt  with  urea,  this  does  not  appear  to  be  the  case,  and  the 
ni'tiori  of  UiKMt  NuliNtaiicoH  is  perhaps  for  the  most  part  attributable  to  tho 
ffM't  Uifiii  thiiir  |iri<Hrnn)  in  tho  liquid  from  which  the  body  crystallices 
oi!f!fiNiotiN  tho  unifMi  of  itfi  |Nirticles  according  to  fixed  laws. 

Tho  riili)  that  all  the  cryHtallino  forms  of  any  particular  substance 
iNilong  t<i  tlin  Hiiino  HyHteni,  and  may  Ih)  derive<l  from  tho  same  ultimate 
form  irt  Nulijoct  to  Hoveral  exceptions ;  many  substances,  both  simple  and 
iioiiipouiid,  an^  r/imor;>A(>f/«  and  i>orhaps  even  trimorphotts,  t.^.,  they  present 
itci*oi'ding  to  circuniHtauces,  2  or  3  different  groups  of  crjrstalline  forms, 
which  may  1k)  reduced  to  2  or  3  different  systems,  or  at  least  to  2  or  3 
primitive  forms.     (Vid,  Affinity.) 

Tho  number  of  systems  of  crystalline  forms  being  small,  while  that 
of  crystallizable  bodies  amounts  to  several  thousands,  it  necessarily 
happens  that  a  great  number  of  bodies,  differing  widely  in  other  res- 
pects come  under  one  crystalline  system ;  and,  on  the  other  hand,  de- 
finite individual  forms  of  the  same  system  are  found  Monging  to  bodies 
of  very  different  nature.  If  the  forms  of  different  substances  belong  to  the 
regular  system,  there  can  be  no  difference  in  the  magnitude  of  their  angles, 
because  the  3  axes  of  that  system  are  equal:  thus  the  angles  of  the 
regular  octohedron  remain  the  same,  whether  the  crystals  consist  of  alum, 
sal-ammoniac,  or  diamond.  In  the  other  systems,  on  the  contrary,  since 
the  axes  are  unequal,  and  the  inequality  is  of  different  magnitude  in 
different  substances,  it  follows  that  angular  differences  of  various  amount 
must  exist  in  the  crystals  belonging  to  different  bodies  included  in  these 
systems.  Thus  the  octohedron  with  a  square  base  of  Anatase  {fij,  21), 
is  acute,  that  of  Zircon  {fig,  23)  obtuse,  because  in  the  former  the  longi- 
tudinal axis  is  longer,  in  tho  latter  shorter  than  the  latenil  axes.  These 
angular  differences,  however,  are  often  very  small:  thus,  for  the  blunt 
lateral  edge  of  tho  rhombic  prism  of  sulphate  of  magnesia,  we  find 
(u  :  ?t'  fig.li)  90°  30';  in  sulphate  of  zinc  {u  :  u'  fig.  73)  91°  7':  and  the 
angle  of  the  tenninal  edges  of  the  obtuse  rhombohedron  (7*  :  r)  amounts 
in  calcspar  to  105°  5',  in  manganese  spar  to  106°  51',  in  iron  spar  to 
107*  2',  in  bitter  spar  to  107°  22',  and  in  calamine  to  107°  40'.  This 
near  approach  to  equality  in  the  angles  is,  however,  often  co-existent 
with  similarity  of  chemical  constitution.  ( Vid,  Isomorphism,  under  tho 
head  of  Aflinity.) 

Internal  Structure,  Texture  of  Crystah. 
Almost  all  crystals  may  be  more  easily  split  or  c/wrw,  in  certain 
directions  lying  in  determinate  planes,  than  in  others;  they  exhibit  from 
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1  to  7  planes  of  dtaimfe  (Blattordurcligange)  intersecting  one  another  at 
detenu iiiate  angles.  This  different  facility  of  (?eparatif»n  of  a  crystalline 
mass  in  certain  directions  may  be  shown  not  only  uy  mechanical,  but  also, 
according  to  Daniell  {Schw,  19,  38  m,  104)  by  chemical  means;  for  wlien 
masses  of  diflerent  substances  having  a  crystalline  Btructuro  but  no  deter- 
mtnato  external  form,  are  placed  in  a  Hquid  wliich  does  nut  act  too 
rapidly  on  them,  the  undissolved  poHiona  sometimes  exhibit  grooves  and 
depressions  in  the  directions  of  the  plane8  of  i-leava;?e,  sonictimea  assume 
with  tolerable  disttiictncsi*  tlic  primitive  forms  of  the  systems  to  \vhi«^h 
i\\e  bodies  belong.  Again,  when  pieces  of  native  tiolphtiret  of  antimony 
(Graii8pieft5-glanzer3!)  are  placed  in  recently  fused  flulphorct  of  anlimony, 
and  half  melted,  the  unmclted  portion  a^fiumes  the  form  of  ditjtinet 
crystals.  (Faraday*  Qit.  Jour,  of  iSc,  1821:  also  6W*t^.  32,  4^K)  To 
this  class  of  plienomena  also  belong  the  Figurrs  of  Widmamtadt^  and  the 
Moir^*mrtal(irjftf,  t,  e.,  certain  lignres  corresponding  to  tbe  planes  of 
cleava^^e,  which  come  to  light  when  meteoric  iron  or  tin-plate  is  acted 
upon  by  acids.  The  more  distinct  planea  of  cleavage  of  a  body  are 
generally  parallel  ti>  tbe  fares  of  «vne  of  the  prinulive  forme  of  the 
system  to  which  it  belongs :  the  less  distinct  to  other  less  important  faces 
of  tbe  Kime  system.  Than,  fluorspar  has  4  planes  of  cleavage  corres- 
ponding to  tbe  H  faces  of  the  regular  octobedruOj  or  the  4  faces  of  the 
regular  tetnihetlron ;  tlio  3  planes  of  elenvage  of  heavy  spar  (ffj.  4U)  are 
parallel  to  tb<'  fuce^  p,  %  and  iC  of  the  upright  rbomliic  prism;  the  3  cleavage 
planes  of  calcsjijir  to  the  0  v-  faces  of  tbe  obtuse  rhonibobcdron  (/y,  141), 
^c.  In  dilferent  crystals  of  tlie  same  ©nbstance,  one  or  other  of  the  lesa 
distinct  cleavage  planes  is  often  wanting;  those  however  whicli  can  he 
tracerl,  always  make  the  game  angle  with  each  other,  whatever  may  be 
the  outward  form  of  the  crystal.  Ditferent  snbstiinces  may  present  the 
j^amc  cleavage  planes  when  they  belong  to  the  regular  system :  if,  how- 
ever, they  belong  to  any  other  system »  they  always  exhibit  at  least  slight 
difrcrenccs  in  the  directions  of  their  cleav;igo  planes.  Imagine  a  cryst[d 
to  be  cloven  according  to  itf?  most  distinct  cleavage  planes,  or  according 
to  them  all;  it  will  then  be  resolved  into  the  so-called  *S'im/J^0  J/o/ec7f7c< 
{Mol^tuhs  intv^antri)^  whose  form  is  either  a  regular  or  irregular  tetra- 
hedron, a  regular  or  irregular  three-sided  prism,  or  a  jmrrdlelupipod. 
Wlien  the  faces  of  a  crystal  do  not  run  parallel  to  its  principal  cleavago 
planes  (the  so-called  iSecondart/  Fomi),  it  is  possible,  by  splitting  the 
crystal  at  certain  points,  in  directions  panillel  to  these  planes,  to  remove 
au  external  envelop,  the  so-called /S>cond<[jry  tH(i.w,  and  leave  in  tlie  middlo 
fi  cryictalline  kernel  or  NncleuSf  whose  faces  are  parallel  to  the  principal 
cleavage  pianos.  This  form  is  regarded  by  Hauy  (Trait if  de  MintralogWf 
T.  I),  a.«i  the  Primitive  Foj'my  which  he  supposes  to  have  been  developed  first: 
be  lurthor  supposes  tliat  on  the  face?  i»f  this  primitive  form  there  bavo 
been  rlcposlted  Bliccessivo  laminae  consisting  either  of  simple  molecules  or 
o/  aggregations  of  the  same  into  componml  molecules  {mMcnles  soitstrao- 
tti^r^),  an«l  that  these,  being  deposited  in  such  a  manner  that  the  dimen- 
eions  of  the  lam  in®  go  on  aecreasing  from  one  of  tbe  edges  or  summits, 
bavo  produced  the  Hecondary  fonn.  This,  however,  is  nothing  more  than 
a  theoretical  view,  of  which  Hauy  availed  himself  in  calculating  the 
arrangement  of  the  secomLary  faces,  since  it  is  found  that  crystals  on  their 
first  appearance  exhibit  the  same  form  as  tifter  their  complete  develop- 
ment. Moreover  Weiss  has  shown  that  independently  of  any  such 
unnatural  hypothesis,  the  angles  of  the  different  primitive  and  secondary 
fjices  of  a  *cryatal  may  be  calculated  from  the  mere  proportion  of  it« 
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linear  dimenaioiM.  The  atomic  theory  seeks  to  explain  the  stractnre  of 
erjitals  bj  attributing  a  distinct  form  either  to  the  atoms  themsdyes,  or  if 
these  be  rejnrded  as  spheres,  to  aggregations  of  seyeral  of  them.  {Vid, 
Affinity.)  The  adrocates  of  the  dynamic  theory  proceed  partly  from  the 
hypothesis  that  erery  solid  body  differs  from  a  fluid  in  this  respect^  that 
the  cohesion  of  its  particles  is  of  different  amount  in  different  directions, 
and  further,  that  in  a  crystal  these  directions  extend  through  the  whole 
I  in  straight  polar  lines. 


Adhesion. 

That  kind  of  attraction  which  acts  at  infinitely  small  distances  only 
between  bodies  of  different  natures,  giving  rise  to  the  union  of  these 
bodies  into  a  heterogeneous  whole  called  a  Mixture  or  Mechanical  Can^ 
tnnaiifm,  which  may  in  most  cases  be  overcome  by  mechanical  force. 

It  ap]iears  to  be  exerted  between  all  kinds  of  matter,  imponderable 
as  well  as  ponderable,  but  in  yarious  degrees.  [On  the  adhesion  of  im- 
ponderable bodies  to  ponderable  bodies  see  the  part  of  this  work  which 
treats  of  Im|>ondorab1es.1  Respecting  the  adhesion  of  ponderable  bodies 
to  one  another  the  followmg  cases  must  be  distingubhed : — 

1.  Adfusian  between  elastic  fiuids. 

DiffuMion  of  OaHB, — All  gases,  even  when  under  existing  circum- 
stances they  <lo  not  enter  into  chemical  combination,  yet  diffuse  them- 
selves thrr>ugh  one  another  and  form  a  uniform  mixture,  though  their 
spociflc  gravities  may  bo  very  different  and  they  may  be  kept  externally 
at  perfect  reift.  If,  for  example,  two  bottles  be  connected  by  an  upright 
glaM  tube  10  inches  long  and  ^  inch  wide,  the  upper  bottle  being  fiUed 
witli  hydrogen,  nitrogen,  binoxide  of  nitrogen,  or  common  air,  and  the 
lower  with  tlie  heavier  gns  carbonic  acid,  or  the  upper  with  hydrogen 
and  the  lower  witli  common  air,  nitrogen,  oxygen  or  binoxide  of  nitrogen, 
a  poKion  of  tlie  heavier  ga8  will  after  a  few  hours  be  found  in  the  upper 
liottlo,  and  after  two  or  tiiree  days  both  bottles  will  contain  the  two 
gases  in  the  same  proportion  (Dal ton,  Phil,  Mag,  24,  8^.  The  same 
result  was  obtained  by  Bertliollet  (Mim,  cTArcueil,  2,  463)  with  a  tube 
10  inches  long  and  4-  of  an  inch  wide  placed  in  a  cellar  where  no  change 
of  temperature  could  take  place  to  set  the  gases  in  motion.  When 
hydrogen  was  the  gas  contained  in  the  upper  vessel  the  two  gases  were 
found  to  be  uniformly  mixed  in  1-2  days;  but  when  air,  oxygen,  or 
nitrogen,  was  contained  in  the  upper  vessel  and  carbonic  acid  in  the 
lower,  several  weeks  elapsed  before  the  mixture  became  perfectly  uniform. 

If  a  cylinder  filled  with  any  gas  and  placed  in  a  horizontal  position 
l>e  made  to  communicate  with  the  external  air  by  means  of  a  knee-shaped 
tube  in  such  a  manner  that  the  end  of  the  tube  is  directed  downwards 
when  the  gas  is  lighter  and  upwards  when  it  is  heavier  than  the  air,  the 
gas  will  gmdualiy  escape  from  the  cylinder,  its  place  being  supplied  by 
the  air.     According  to  Graham, 

Of  100  volumes  of  gas  there  disappeared, 


Sp.  gr. 

In  4  hours. 

In  10  hours. 

1 

Hydrogen  •        -         -         - 

.    81-6 

94-5 

8 

Light  carburetted  hydrogen  - 

-     43-4 

02-7 

8-5 

Ammonia    -         -         -         - 

.     41-4 

59-6 

14 

Olefiant  gas          .         .         . 

-     34-9 

48-3 

22 

Carbonic  acid      ... 

.     31-6 

470 

32 

Sulphuroui  acid  ... 

-    27-6 

460 

35-4 

Chlorine     .... 

.     237 

39-5 
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From  this  it  appears  that  gases  escape  the  more  quickly  tlio  lighter 
they  are;  and  their  expan£=ivo  power  or  di^usihUii}/  ^rohMy  varies  iti 
the  inverse  ratio  oi  the  square  roots  nf  their  specific  gravities*  Thus 
47  measures  of  hydrogen  escaped  in  two  hours,  aud  the  same  volume  of 
carbonic  acid  in  10.  Now  this  proportion  of  1  :  5  is  nearly  that  ui  tho 
equare  root  of  1  (spec,  grav.  of  hydrogen)  to  the  equare  root  of  22  (spec. 
grav.  uf  carbonic  acid.)     (Graham.) 

If  the  cylinder  contain  a  mixture  of  2  gases,  the  more  diffusible  of  tho 
two  will  escape  in  greater  proportion  into  the  air,  and  the  Icf^s  OifTusiblo 
m  smaller  proportion  than  if  each  gas  were  contained  in  the  cylimler 
alone.  Thus  of  5Q  measures  of  hydrogen  and  50  cjf  olefiant  gnu  tliero 
escape  in  10  houra  47*7  measures  of  the  former  and  12-5  of  tho  latter  : 
similarly  47  mea^sures  of  hydrogen  and  20  of  carbonic  acid  ;  though  in 
these  cai<es  the  opening  of  the  knee-^hiiped  tube  is  directed  doivn wards  : 
further  in  4  hours  there  e«€ai>o  2GS  vol.  of  light  carbu retted  hydrogen 
and  12 ->  of  carbtmic  acid,  also  22'8  of  light  carhurettcd  hydrogen  and 
18  S  of  olefiaut  gas.  If  two  bottles  be  connected  together  by  a  tnbo 
placed  in  a  vertical  position,  the  lower  bottle  being  7  times  as  large  as 
the  upper  and  tilled  with  carbonic  acid  gas,  while  the  upper  one  is  tilled 
with  a  mixture  of  hydrogen  and  olefiaut  gas  in  equal  volumes,  the  upper 
Yosscl  will  after  10  hours  be  found  to  contain,  besides  carbonic  acid,  a 
quantity  of  olefiant  gas  who.se  vcdunie  is  4  times  a^  great  as  that  of  the 
hydrogen  still  remaining;  the  latter  ha.s  thereforOj  in  spite  of  its  greater 
levity,  diffused  itiself  through  the  lower  vessel  with  greater  rapidity, 
(Graham,  Qii,  Jour,  of  Sc.  6,  74  ;  also  iSc/n(K  57,  215), 

In  the  same  manner  also  vapours  difTuBo  themselves  through  one 
another  and  thrnngh  the  more  permanently  elastic  fluids. 

When  different  clastic  fluids  have  once  difTused  themselves  uniformly 
through  one  another  they  never  separate  again  according  to  their  different 
specific  gravities,  for  however  long  a  time  the  mixture  may  be  left  at 
reat ;  this  was  shown  long  ago  by  IViestiey. 

These  gaseous  mixtures  differ  essentially  from  all  other  mixtures  in 
tho  following  respects  :  their  hetorogenenns  constitution  cannot  be  de- 
tected by  the  eye  ;  they  transmit  light  without  the  slightest  disturbance  ; 
and  they  cannot  bo  decomposed  by  mechanical  means.  It  must  be 
obscrvcu  however  that  g^ijses  when  devoid  of  colour  cannot  be  distinguished 
from  one  another  by  the  eye  ;  they  arc  invisible,  and  a  glass  vessel 
presents  the  same  appearance  w^hethcr  it  is  exhausted  of  air  or  filled  with 
a  colourless  gas.  When  therefore  two  gases  have  by  their  natural  adhe- 
sion diffuicd  themselves  through  each  other  with  that  extreme  uniformity 
which  their  great  mobility  and  lightness  render  possible,  it  is  not  to  be 
expected  that  their  heterogeneous  nature  should  be  detected  by  the  eye ; 
and  even  the  colour  which  some  gases  possess  is  by  this  extremely  inti- 
mate mixture  so  much  divided  that  even  the  microscope  cannot  distinguish 
the  coloured  and  colourless  particles  of  gas.  This  minute  division  also 
causes  tho  rays  of  light  to  bo  uniformly  refracted  in  the  gaseous  mixture 
and  to  go  straight  through  :  lastly  tho  same  cause  must  prevent  mecha- 
nitsal  separation*  unless  we  can  find  sieves  fine  enough  to  let  the  smaller 
particles  pass  through  them  and  stop  the  rest.  This  peculiarity  t)f 
gaecous  mixtures  baa  led  several  chemists  to  propose  the  following  theories 
—which  however  are  likely  to  be  soon  forgotten — respecting  their  nature. 

1.  Berthollet,  Murray,  and  others  regard  a  gaseous  mixture  as  :ni 
imperfect  chemical  combination.  Gas-mixtures  are  however  ileBtitute  «f 
all  the  characters  of  a  chemical  combination  exoeptlng  unifoi'mvi^  \  <^\ 
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It  iM  not  true  tUat  overy  euVstonco  okn  eomliine  wiiU  evety  other :  f.g, 
warier  mixes  with  alcohol  but  not  with  oil  ;  on  tho  contrjiry*  esery  ^tw 
whetber  fiiraplo  or  compoumi  mixes  with  ©very  other  ;  jin*i  tho  rapiility 
with  which  the  mixture  takt^s  place  clefM?ntl«  not  on  tho  ehcniiriil  nnturo 
of  the  gases,  but  only  on  their  specific  juTavities.  (//,)  Agreeubiy  to  thU 
thtHiry  BerthoUct  regarJa  the  evaporatioti  of  water  anrl  olhor  boUicja  in 
the  air  below  their  hoiling  points  ii»  u  cheniicul  w/lutioiL  But  tho 
quantity  of  any  salt  which  w&ter  can  dissolve  iuoreaset)  with  the  (|uantity 
c>f  water  present ;  on  the  oontmry,  the  quantity  of  water  which  evaporataa 
in  a  given  space  is  the  eanie,  whether  the  «|iaco  he  void  of  air  or  Ulled 
either  with  rarefied  or  condenied  air  ;  and  the  evaporation  goea  on  mofit 
slowly  in  tho  laat  mentioned  case,  precisely  that  in  which  the  i;utntity 
of  the  fio-c^Ued  (solvent,  the  air,  is  the  greatest,  (e.)  The  mixing  of  |fa0os 
is  never  attended  with  alteration  of  temperaturej  a  phenomenon  which 
always  accoinpuniea  real  chemical  combinations,  (d.)  In  most  chemical 
eombinations  an  alteration  of  volume  takea  pface^  Imt  pot  in  the  mixing 
of  gdiSes,  (e,)  The  refractive  power  of  a  ^'ii^eoua  mixture  is,  aceortling  to 
fiiot  and  Ara^,  exactly  the  mean  between  the  refractive  powers  of  thii 
individual  gnsea  which  compose  it ;  such  however  ii  not  the  ease  with 
real  chemical  eonibiuationH  of  gasesi  «*.  [h  of  hydrogen  and  nitro^on  pro- 
ducing ammonia.  (/.)  Change  of  colour  is  often  observed  in  chemical 
combinations,  never  in  the  mixing  of  gases,  (j/.)  When  one  body  id 
combined  with  another,  a  third  Intdy  may  withdraw  the  first  and  unitis  U 
to  itself,  the  combination  taking  place  less  easily  in  most  cases  hut  mora 
easily  in  some  than  if  the  first  body  were  in  the  free  state,  Tims  sulphur 
takes  oxygen  from  protoxide  of  nitrogen  at  a  higher,  but  from  nitric  acid 
at  a  lower  torn jKjrature  than  from  oxygen  gas;  but  this  substance  takost 
fire  in  a  mixture  of  oxygen  and  nitrogen  (atmospheric  airj  at  exactly  the 
tame  temperature  as  in  pore  oxygen  gas.  Alkaline  sulphites  ahetmel 
oxygen  from  the  air  as  easily  as  from  pure  oxygen  gas,  but  not  from 
protoxide  of  nitrogen  which  is  a  true  chemical  compound  of  oxygen  and 
nitrogen.  That  photiphorus  enters  into  slow  combustion  in  the  air  at  a 
lower  temperature  than  in  oxygen  gas  is  accounted  for  by  the  moro 
rarefied  condition  of  the  oxygen  in  the  air. 

2.  Dalton  supposed  that  in  elastic  fluids  every  atom  of  ponderable 
imitter  is  surrounded  with  a  sphere  of  heat:  an  elastic  iluid  is  therefore 
to  be  regarded  tis  a  collection  of  spheres  of  heat  each  having  a  jMju<lorable 
atom  in  its  centre.  His  first  hypothe^sis  was  that  the  calorific  spheres 
belonging  to  the  same  elastic  fluid  repel  each  other,  but  not  those  of  any 
other  eliwutic  fluid,  ao  that  as  far  as  any  other  such  fluid  is  concerned  they 
may  be  regarded  as  not  existing.  Hence,  neglecting  tho  atoms  of  pomler- 
able  matter,  which  moreover  are  sui»pot*ed  to  occupy  an  exceedingly 
small  space,  an  elastic  fluid  may  be  regarded  ua  a  vacuum  with  resi>ect 
ftp  other  elastic  flui<ls;  hence  it  is  that  bodies  of  this  nature  difluse  them- 
aelves  rapidly  through  one  another.  To  this  it  may  l>e  replied  :  (a)  that 
experience  shows  that  this  dilTusion  wlien  it  takes  place  through  narrow 
connecting  tubes  occupies  several  days,  whereas  according  to  tho  liypo- 
theeis  it  ought  to  be  instantaneous ;  \L)  that  this  suppo.sed  cxpnuijion  of 
the  gases  ought  to  be  attended  with  redueticm  of  temperature;  (c)  (hat 
according  to  this  hypothesis  the  atoms  of  the  ga^cs  nmst  often  be  brought 
into  intmediate  contaet,  and  consequently  must  combine  when  they  have 
any  aifinity  for  each  other  ;  such  however  is  not  the  case  with  the  greater 
number  of  elastic  fluids. 

Dalton  therefore  afterwar4«  iWSiimed  that  the  spherules  of  dilTercnt 
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and  vapours  universally  repel  eacli   oibcr.     He  explained  tlieir 

ixtui'O  by  supposing  tbeir  spherules  to  be  of  iliflbrent  size^,  so  tliat  when 

bey  come  in  contact  the  differeat  spberule.s  yreiss  upon  each  other  no* 

qujilly  anJ  produce  currents  till  the  whole  hixn  heconio  uniformly  mixed, 

1/ however  we  eulculate  the  eixe  of  the  gpherulos  on  this  hypothesis,  hut 

Ifwcording  to  more  accurate  experiments,  we  find  that  all  elastic   fluids 

Imay  he  divided  into  7  classes  according  to  the  magnitude  of  their  gaseous 

plierules;  if  the  volume  of  the  gaseous  ©pherules  of  sulphur-vapour  lie 

sauuied  equal  to  1,  that  of  oxygen  t^ns,  oleliant  gas,  phosphorus  vapour, 

l&c,  M'ill  ho  3,  of  hydrogen,  nitrogen,  and  chlorine  gases,  &c.,  (J,  that  of 

Vydrocbloric  acid  gas,  auimoniacal  gas,  ^c.,  12,  and  that  of  gome  others 

9  J  18,  and  24.     Ao-cording  to  this  hypotheBifi  gases  which   l>elo  ng  to  on  a 

l^utJ    the  same  class  anil  therefore  have   spherules  of  equal  magnitude 

pught  not  to  mix.     Conjp.  Draper  (Phil,  Mug.  J,  13,  241). 

Mixture  of  gajsea  likewise  takes  place  when  they  are  separated  by 
the  interposition  of  a  porous  body.  In  tide  more  complicated  cq^e  wo 
have  to  consider,  besides  the  various  difTuj^ibilities  of  the  gases:  (1.)  The 
L^iuallness  of  the  pores  which  may  favour  the  penetration  of  one  gaa 
[father  than  of  the  other.  (2.)  The  difterent  degrees  of  adhesion  which 
\  di}*}d*ragm  exerts  upon  the  different  gases,  by  virtue  of  w!i!ch  the 
►  which  adheres  most  powerfully  penetrates  the  diaphragm  most  easily, 
incl  attaining  the  opposite  surface,  mixes  with  tlie  other,  (3,)  The 
liilurent  degrees  of  affinity  of  the  diaphragm  for  the  gases  (e^.  y,  of  water 
,li  a  wet  bla*lder)  by  which  the  gases  aire  altsorbed  and  carrietl  to  the 
Hher  si  do  of  the  diaphragm.  The  following  cases  require  particular 
notice : 

Cravki  in  Glass,  Hydrogen  gas,  kept  in  a  cracked  receiver  standing 
over  water,  escapes  by  degrees  through  the  crack  into  the  surrounding 
fcir,  the  water  under  tlie  receiver  rising  to  the  height  of  2|  inch  above  the 
outer  level.  The  remaining  hy^lrogen  contains  T  per  cent,  of  nitrogen 
tut  no  oxygen.  If  the  receiver  be  filled  with  oxygen  and  nitrogen 
instea*!  of  hydrogen,  nothing  will  escape  from  it*  In  the  same  manner 
bydrogon  e^cajKJs  out  of  bottles  closed  even  with  well  ground  stoppers,  if 
the  stof>[»er9  are  not  greased.  {Diiberem^r,  Uehcr  ficti  entdcckte  hodist 
merkwunliijt  E iifemcJtatlat  lUs  riadm,  Jena,  1825,  s.  15,)  The  crack 
must  bo  neither  too  narrow,  in  which  case  it  would  allow  no  hydrogen  to 
pass,  nor  too  wide,  in  which  it  would  give  passage  to  other  gases  as  well; 
it  often  becomes  too  wide  during  the  experiment  from  unequal  pressure  of 
iho  air.  if  the  cracked  receiver  containing  the  hydrogen  be  placed  over 
a  trough  of  mercary  and  covered  with  an  uncracked  receiver  containing 
air  or  carbonic  acid,  the  mercury  will  rise  in  the  inner  receiver  to  the 
height  of  an  inch  or  two,  and  sink  in  the  same  proportion  in  the  outer; 
but  when  the  diflerenco  of  level  amounts  to  about  2  inches,  the  air 
begins  Ui  enter  through  the  crack.  If  the  inner  cracked  n^ceiver  l>o  Jilled 
with  air  and  the  outer  with  hydrogen,  the  mercury  will  rise  in  the  outer 
and  sink  in  the  inner,  proving  that  the  hydrogen  makes  its  way  through 
the  cnu:^k  in  opposition  to  its  smaller  specific  gravity.  (Magnus^  Po*/!?^ 
10,  153.)  Supposing  it  to  be  e»^tablished  that  the  remaining  hydrogen  i» 
free  from  all  traces  of  air  or  c^irbonic  acid,  which  however  is  questioned  by 
Graham  who  sup[*o&es  that  an  interchange  takes  place,  then  these  eiperi- 
nieti^  would  show  that  iho  smaller  atoms  of  hydrogen  are  capable  of 
making  their  way  through  iutervaU  which  are  im|>erviou»  to  the  larger 
atoms  of  carbonic  acid,  ^45» 

Bottled  filled  over  meroury  with  detouftting  g«ifl  (a  mixture  of  1  vol.  of 
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oxygen  and  2  of  hydrogen)  to  f  of  their  balk,  closed  with  well  ground  bat 
nngreased  stoppers,  and  inverted  in  mercury  in  such  a  manner  Uiat  the 
le?el  of  the  liquid  may  be  somewhat  lower  without  than  within,  and  kept 
in  a  dark  place  for  15  months,  are  found  still  to  contain  the  same  volume 
of  gas,  f  of  their  bulk,  but  this  gas  is  a  mixture  of  about  equal  parts  of 
detonatmg  ffas  and  common  air.  An  interchange  of  gas  and  air  haa 
therefore  taken  place  both  between  the  ^lass  and  mercury  at  the  outer 
and  inner  surface  of  the  bottles  and  likewise  through  the  intervab 
between  the  necks  and  stoppers.  (Faraday,  Qu.  J.  of  Sc.  22,  220;  also 
Fogg.  8,  124;  and  Keutn,  Arch.  9,  398.) 

Earthenware,  Unglazed  Wedgeivood-ware.  When  gases  are  generated  in 
earthen  retorts  or  conducted  through  earthenware  tubes,  portions  of  them 
escape  through  the  pores  and  are  replaced  by  air  entering  from  withouti 
or  when  the  earthen  vessels  are  placed  in  the  fire,  by  nitrogen  and 
carbonic  acid  gases.  If  we  heat  in  on  earthen  retort, — ^which  when 
immersed  in  water  is  impervious  to  air  blown  into  it  but  pervious  under 
the  stronger  pressure  produced  by  the  air-pump, — water,  hydrate  of  lime  or 
moist  clav,  either  to  redness  or  but  just  above  the  boiling  point  of  water, 
very  Httfe  water  is  evolved  from  the  retort,  the  greater  part  escaping 
through  the  pores;  but  there  is  obtained  a  quantity  of  atmospheric  air 
amounting  sometimes  to  -^  of  the  weight  of  the  water  present  and  con- 
taining less  oxygen  and  more  carbonic  acid  (obtained  from  the  fire)  than 
common  air.  If  the  retort  is  enclosed  in  a  receiver  standing  over 
mercury,  the  neck  together  with  the  gas-delivery  tube  passing  airtight 
through  an  opening  in  the  top,  and  heat  is  applied  to  the  retort  by  means 
of  a  large  lens,  a  considerable  quantity  of  air  is  disengaged,  water  collects 
over  the  mercury  and  the  mercury  rises  8^  inches  if  the  retort  is  made  of 
compact  earthenware,  to  a  smaller  height  if  it  is  more  porous,  the  air  of 
the  receiver  penetrating  into  the  retort  apparently  in  opposition  to  the 
laws  of  hydrostatics.  If  the  receiver  contains  hydrogen  or  binoxide  of 
nitrogen  mstead  of  common  air,  the  mercury  rises  in  like  manner  and 
these  gases  issue  from  the  gas-delivery  tubic.  From  the  same  cause, 
when  vapour  of  water  is  passed  through  a  tobacco-pipe  tube  heated  to 
redness,  a  mixture  of  gases  is  obtained  differing  little  from  common  air. 
Vessels  or  tubes  of  chalk  or  white  marble  act  in  the  same  manner  as 
earthenware  vessels.  (Priestley,  Bxper.  and  Obs.  3,  29.)  When  black 
oxide  of  manganese  is  heated  in  a  Wedgewood-ware  retort  and  the 
resulting  gas  collected  in  separate  portions,  the  first  portion  contains  22, 
the  second  25,  tho  third  26,  the  fourth  44-75,  the  fifth  44,  the  sixth  46*5, 
the  seventh  41,  and  the  eighth  1825  per  cent,  of  oxygen.  The  earlier 
portions  are  contaminated  with  the  air  of  the  vessel,  the  latter  with  the 
mixture  of  nitrogen  and  carbonic  acid  gases  which  penetrate  into  the 
retort,  the  quantity  of  this  mixture  continually  increasing  with  the 
enlargement  of  the  pores  by  the  heat,  (and  with  the  increased  diff'usibility 
of  the  gases  consequent  upon  expansion,  Graham).  Pfaff.  {ScJiw.  18,  80.) 
This  mixinff  of  gases  through  earthenware  explains  the  incorrect  results 
of  certain  old  experiments,  in  which  vapour  of  water  was  said  to  be  con- 
verted into  nitrogen  gas  by  passing  it  through  red-hot  tubes,  and  chloride 
of  silver  to  be  reduced  by  heating  it  in  retorts  with  dry  charcoal. 

Gypsum.  If  one  end  of  a  glass  tube  be  closed  with  gypsum-paste, 
and  after  the  gypsum  has  dried  and  hardened,  the  tube  be  filled  with  any 
ga&y  its  open  end  plunged  under  mercury  and  its  closed  end  exposed 
either  to  the  air  or  to  an  atmosphere  of  any  other  gas  contained  in  a 
receiver,  the  inner  gas  will  escape  and  the  outer  enter  the  tube,  in  quan- 
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tities  wbicli  are  inversely  as  the  fiqimr©  root^  of  their  denaitiee.  Thas 
3'87  measures  of  bydroj^^en  which  escape  from  the  inner  tube  are  replaced 
by  I  meafiurc  of  atmospheric  air.  Now  putting  tho  density  of  air  =  1, 
that  of  hydrogen  is  0'0f>*>8;  the  8<|narc  roots  of  these  numbers  are  1  and 
0'262:^;  and  02623  :  I  =  1  :  3'87  nearly.  Diffusion  also  takes  placo 
though  very  slowly  through  flexible  dolomite,  ooal,  wood,  and  dry  cork. 
(Graham,  PhiL  Mag,  J.  2,  175,  269  and  351;  ab^tr.  in  Foffg.  28,  331); 
alei«j,  Elements  of  CktmiMry  1,  83,  Thomson's  observations  thereupon. 
{PhiL  Mag.  J.  4,  321.) 

Camiickouc,  A  eheet  of  eaf>utchouc  tied  over  the  opening  of  a  wide- 
mouthcil  bottle  full  of  hydrogen  gas,  is  soon  prenscd  inwards  even  to 
bursting.  If  tlie  bottle  bo  Hlle<i  with  air  and  placed  in  an  atmosphere  of 
hydrogen,  the  swelling  and  bursting  take  place  outwards,  A  wdl  closei.1 
bottle  of  caoutchouc  perfectly  empty  doea  not  distend  when  placed  in 
hydrogen  gas:  but  if  it  contains  a  email  quantity  of  air  distension  takes 
piACd.  Almost  all  gasee  excepting  nitrogen  exhibit  the  same  relationB 
towards  common  air  as  hydrogen  docs,  but  in  different  degrees;  they  all 
penetrate  caoutchouc  with  various  velocities  in  order  to  mix  with  air. 
In  order  to  measure  these  various  vclocitieSj  a  sheet  of  caoutchouc  is  tied 
over  the  shorter  funnel-shaped  arm  of  a  siphon-tube,  mercury  is  poured 
into  the  other  ann  which  is  made  very  long,  so  that  a  portion  of  air  may 
remain  between  the  mercury  and  the  caoutchouc^  and  the  shorter  arm 
introduced  under  a  receiver  standing  over  the  mercurial  trough  and  filled 
with  the  gas  to  be  examined.  The  gas  penetrates  the  caoutchouc,  mixes  with 
the  air  and  iucreases  its  vohimo  ;  conserpiently  the  mercuir  in  the  longer 
arm  is  driven  upwards,  Bometimes  to  the  height  of  63  inches,  and  might 
be  driven  higher  if  the  caoutchouc  could  auj^tain  a  greater  pressure  without 
bursting.  By  experimenting  in  this  manner  on  different  gases,  it  Ia  found 
that  the  same  volume  of  ammoniacal  gas  obtains  access  to  the  air  in  1 
minute,  as  of  sulphuretted  hydrogen  in  2^\  of  cyanogen  in  3^',  of  carbonic 
acid  in  5}%  of  protoxide  of  nitrf»gen  in  6^',  of  arseniurettcd  hydrogen  in 
27 i',  of  oleflant  gas  in  28',  of  hydrogen  in  37|',  of  oxygen  in  an  hour  and 
53',  and  of  curhonic  oxiile  in  2  brs.  40'  Caoutchouc  api>ears  from  this  to 
absorb  gases  with  diiferent  degress  of  facility;  of  carbonic  acid  it  absorbs 
its  own  volorae  and  swells  up  in  conse^juence*     (Mitchell,  /*  i?oy.  Inst* 

Animal  Mfmbrane^,  A  moist  bladder  or  moietcned  gold  bcaters'-skin 
acts  like  a  sheet  of  caoutchoae.  (Mitchell.)  A  moist  bladder  two-thirds 
filled  with  coal-gas  or  air,  swells  when  suspended  in  carbonic  acid  gas  and 
finally  bursts.  In  this  experiment  as  much  as  40  per  cent,  of  carbonic 
acid  sometimes  mixes  with  the  coal-gas,  while  only  a  very  small  quantity 
of  the  latter  escapes  into  tho  atmosphere  of  carbonic  acid.  Hence  the  water 
of  the  moistened  bladder  absorbs  carbonic  acid  and  gives  it  up  again  on  the 
inner  side.  (Graham,  Qti.  J.  of  Sc  6,  8S;  also  Scliw,  57,  227  j  extr,  in 
Pogg.  17,  347.)  A  perfectly  dry  bladder  containing  air  does  not  distend 
in  carbonic  acid  gas :  a  bladder  moderately  wetted  expands  to  a  greater 
extent  than  one  which  is  thoroujjhly  soaked ;  for  the  thinner  the  film  of 
water  which  absorbs  the  gas,  the  sooner  will  the  gas  reach  the  opposite 
surface.  If  the  bladder  containing  air  be  mtdstoned  with  alcohol  (which 
absorbs  carbonic  acid  more  readily  than  water  does)  it  will  expand  in  an 
atmosphere  of  carbonic  acid  as  quickly  as  if  it  were  moistened  by  water — 
but  not  more  so:  the  alcohol  likewise  caiL^es  it  to  t^hrivel  and  soon 
destroys  its  power  of  transmitting  gases.  Rubbing  the  bladder  with  oil  of 
anise  or  olive  oil  (neither  of  w^ch  absorbs  carbonic  acid)  prevents  the 
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expansion.  A  wet  bladder  eontabing  air  ozpande  more  qnioklj  in 
^nfphnreited  hydrogen  than  in  carbonic  acid:  after  being  diatended  ae  ba 
an  powible  in  the  last-nientioned  gaa,  it  will  expand  still  further  if  placed 
in  an  atmosphere  of  snlplmrctted  hydrogen;  whereas,  if  exposed  to  ihe  air 
it  will  regain  its  original  size.  A  bladder  containing  air  also  expands 
when  immersed  in  water  holding  carbonic  acid  in  solution,  but  not  so 
qniclLly  as  in  an  atmosphere  of  the  gas.  A  fish's  air-bladder  expands 
pinder  the  aboye-mentioned  cironmstanoes  more  quickly  than  a  nrinaiy 
bhuldcr:  on  the  contrary,  this  property  is  not  exhibited  by  the  lining 
membrane  of  a  fowl's  egg  or  by  curried  sheepskin :  the  latter  allows  air 
'and  carbonic  acid  to  pass  through  it  with  equal  facility.  (Baumgartner, 
ZeiUekrifi  Pk.  Math.  8,  9.)  These  experiments  show  that  gases  cannot 
be  preserved  in  bladders  without  alteration.  If  a  piece  of  bladder  be  tied 
over  the  upper  and  widened  end  of  a  glass  tube,  the  tube  then  filled  with 
water  and  its  lower  end  plunged  under  mercury,  the  meronry  will  rise 
within  it  to  the  height  of  3  inches,  in  oonseqnence  of  the  water  penetrating 
the  bladder  and  escapinff  into  the  air:  put  as  soon  as  this  height  is 
attained  the  pores  of  the  bladder  allow  air  to  pass  through  them  and  the 
further  rise  of  the  mercury  is  preTcnted.  (Magnus,  Fogg.  10,  157.) 
According  to  Fischer  (Fogg.  1 1,  130)  who  perlmps  made  use  of  a  strongra 
bhuldor,  the  mercury  may  attain  the  height  of  12  inches  or  even  more; 
it  ultimately  reaches  to  the  bladder  itself  the  whole  of  the  water  BYvpor 
ratin;^  and  leaving  nothing  but  a  slimy  residue.  If  a  tube  sealed  at  top 
and  tied  over  with  a  piece  of  bladder  at  the  bottom  be  filled  with  water 
and  exposed  to  the  air,  the  bladder  will  be  pressed  inwards  in  consequence 
of  the  ovaporation  of  the  water  and  air  will  enter,  not  however  in  bubbleSi 
but  diHHolvo<l  by  the  water:  the  air  thus  introduced  collects  at  the  upper 
end  of  tlio  tul/o  on  the  gafteous  form.,  and  finally  all  the  water  evaporates 
and  the  tube  becomes  filled  with  air.     (Fischer.) 

2,  AcVienon  of  elastic  fluids  to  solids, 

1.  Wood  and  otlior  solid  bodies  immorsod  in  water  or  other  liquids 
apjKiar  oiivorod  with  air-bubbles. 

2.  The  close  aiUiesion  of  a  thin  film  of  air  and  vapour  of  water  to  the 
surffif'Os  of  glass  tubes  ih  the  cause  of  the  difiiculty  of  obtaining  barome- 
UiTH  M\i\  tli<!nnometorH  free  from  air.  This  thin  film  of  air  and  vapour 
cannot  lie  removed  by  the  air-pump,  but  only  by  boiling  the  mercury,  the 
va|Kiiir  of  which,  ns  it  oscapcH,  carries  the  air  and  aqueous  vapour  along 
with  it.  That  unboiled  mercury  iH  free  from  air  and  water,  and  there- 
fore hiw*  nothing  to  do  with  the  difiiculty  in  question,  is  shown  among 
othor  proofs  by  this;  that  when  mercury  is  boiled  in  a  narrow  barometer- 
tulie  having  a  largo  bulb  at  one  ond,  uiul  the  tul»o  inverted  in  a  basin  of 
mercury  and  inclined,  then  if  tho  quantity  of  boiled  mercury  be  not  suf- 
firiont  t<»  fill  tho  bulb,  but  in  consequence  a  considerable  quantity  of  un- 
boijffd  mercury  must  enter  it,  the  barometer,  on  being  set  upright  again, 
will  stand  at  tho  same  hoiglit  as  before.     (Bellani,  Dimgn.  Gloiti.  10,  20.) 

«'}.  This  jMiwor  possessed  by  solid  bodies  of  fixing  elastic  fluids  on 
their  huUicob,  is  much  increased  when  the  extent  of  surface  is  enlarged  by 
pulverizing.  All  ]mlverizod  bodies  are  more  or  less  hygroscopic,  t.  e., 
they  liocomo  covered,  on  exposure  to  tho  air  even  though  it  may  be 
very  dry,  with  a  fihu  of  condensed  vapour  of  water,  and  also  of  con- 
densed air,  by  which  their  weight  may  be  increased  some  3  or  4  per  cent. 
Many  bodies  seem  to  )>ossoss  the  property  of  condensing  the  oxygon  of 
the  air  on  their  surfaoes  in  preference  to  the  oUier  gases  contained  in  it. 
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3,     Adhesion  befwefn  liquids. 

K  Tho  B]ireatliug  of  water  over  tbe  surface  of  naorcury  ecGms  to  arise 
chiefly  from  tliis  cause, 

2»  When  cme  I'hiukl  i.^  very  intiiriatoly  iTiixe<l  witli  aiiuthei\  liotli  being 

!  perfectly  tmuHparcnt  wlicn  sopiirato,  a.  turLid  and  often  milky  fluid.  euUetl 

nil  Emiihiouy  U  produced,  out  of  which  tlie  two  bodies  so  pa  rate  slowly  iu 

kjphedience  to  their  different  spociiic  gravities; — €.  g.^  distilled  water  uvcr- 

"  Tged  with  a  volatile  oil, 

4,    Adhesion  leiwem  liquids  and  solids, 

1.  If  a  jdato  of  any  solid  body  be  phicod  in  contact  with  the  surfaoo 
of  a  ljc|uidj  a  certain  force,  d^^teruiinablo  by  weight,  is  rtiijuiroJ  to  sepa^ 
rato  them.  Experiments  of  this  kind  aro  descrihed  by  Guy  ton  Mor\  can, 
in  the  E nri/dopcdu  Mcthodiqitc^  Parisj  1780,  (An  instance  <*f  tho  com- 
bined action  of  cohesiou  and  adhesion  is  afforded  hy  tho  boUling  togotlier 
of  two  glasii  phitcs  having  a  tlim  of  water  or  oil  between  them,)  Li- 
quids  attach  thomselve^  to  solid  bodies,  oven  in  opposition  to  their  own 
weight  and  cohesion,  and  rise  along  their  surfaces,  t,^.,  tbe  concave  sur- 
face of  water  in  glass  vessels j  writing;  painting;  the  rise  of  li^iuids  in 
capillary  tul>es;  blotting-paper;  tho  rope-pump,  Tbo  height  to  which 
the  liquid  rises  for  a  given  distance  between  the  walls  of  the  solid  body 
affords  a  measure  of  the  force  of  adhesiout  Earthen  vessels  ftlled  with 
Vater  boldmg  carbonate  of  soda  in  solution  and  charged  uuder  strong 
pressure  with  carbonic  acid  gas,  exhibit  the  following  phenomena  accord- 
ing to  the  degree  in  which  they  have  been  fired; — (a.)  Well,  but  not 
thoroughly  burnt. — The  water  tolding  the  carbonate  of  soda  in  solution 
IS  hy  ttie  pressure  of  tlio  carbonic  acid  ga«  gradually  and  eoniplotely 
driven  through  the  pores  of  the  vessel;  on  opening  the  vessel  after  it  has 
become  thoroiigiily  dry,  the  gas  escapes  with  violence.  Hence  water 
parses  more  cjisily  through  very  narrow  pores  than  carbonic  acid  gas, 
because  the  atoms  of  the  latter  aro  surrounded  with  spheres  of  beat. 
(6,)  From  vessels  still  less  burnt  tbe  gas  escapes  while  tho  w^hole  or 
tbe  greater  part  of  tbo  liquid  remains  behind:  for  when  tbe  pores  aro 
enfficiently  large,  the  gas,  l>eing  the  more  moveable  body,  escapes  more 
quickly  than  the  waten  (c)  If  tbe  vessel  hiis  been  but  very  sliglitly 
baked,  tbe  gas  and  liquid  escape  togctbor,  the  latter  in  tho  form  of  fine 
rain  or  mist^  as  long  as  the  pressure  of  the  gas  is  sutticicut  to  forc<t  it 
out  (Jeffrey,  Phih  Mag,  J,  10,  10.)  Cracks  produced  in  the  sealed  end 
of  a  glass  tube  by  beating  and  thou  wetting  it  with  water,  may  be  of  four 
degrees  of  fineness,  (tt.)  Tbo  widest  allow  water  to  escape  wiien  the  tubo 
is  exposed  to  the  air.  {h,)  Those  somewhat  narrower  only  when  iui- 
mcrsed  in  water,  {c)  Stil!  narrower  cracks  are  pervious  only  when  tho 
liquids  within  and  without  tho  tube  are  of  different  chemical  nature  and 
disposed  to  combine;  no  rising  of  the  liquid  takes  place  a-a  in  endosmose; 
no  evaporation  of  water  t^ikes  place  on  exposing  the  crnxik  to  tbe  air. 
,  (c/,)  Cracks  of  yet  greater  fioenosM  are  permeable  only  under  tbo  follow- 
ing galvanic  conditions;  the  tube  contains  a  solution  of  nitrate  of  silver 
with  a  platinum  wire  immersed  in  it,  tho  outer  vessel  containing  water 
with  a  zinc  wire;  the  line  and  piatinum  are  in  metallic  contact;  under 
these  circuwi.stances  a  ptu'tion  of  silver  ia  deposited  on  tho  platinum  wire, 
ju  the  course  uf  24  hours,  and  the  water  is  found  to  contain  a  very  small 
quantity  uf  uitrale  of  zinc*     (N.  Fischer,  Pogg.  H,  132,) 

3t  Wlien  a  avlld  l^ody  in  a  ^tate  of  minute  divisiou  i^  tliffiised  through 
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a  liqaid  hj  any  mechanical  or  chemical  force,  it  becomes  sutpeiuled  in 
eoDseqaence  of  its  adhesion  to  the  liquid,  and  often  separates  bnt  yenr 
slowly.  The  separation  of  the  suspended  body — (a)  by  leaving  the  whob 
to  stand,  and  then  pouring  off  the  liquid  from  the  sediment  at  the  boi» 
tom,  or  drawing  it  off  with  a  siphon,  is  the  process  of  Subtidation  and 
DecantcUion ;  (6)  by  combining  it  with  a  third  body  so  as  to  form  larger 
and  nonsuspendible  masses,  that  of  Clarijlcation;  (c)  by  pouring  the  liqaid 
through  a  nnely  porous  substance,  which  perhaps  acts  by  adhesion  on  the 
suspended  body,  that  of  Straining  or  Filtration, 

A.  Endoimou.  When  two  liauids  capable  of  mixing  are  separated 
by  a  porous  diaphragm,  each  of  them  permeates  the  diaphragm  m  order 
to  mix  with  the  other.  This  exchange,  howerer,  always  takes  place  in 
une^iual  proportions,  so  that  the  volume  of  the  one  liquid  increases  while 
that  of  ttie  other  dimiuishes;  but  some  portion  of  the  latter  always  goes 
over  to  mix  with  the  former.  The  stronger  current  is  called  by  Dutro- 
chet,  Endosmose,  the  weaker,  Exotmose;  the  increasing  liquid,  therefore, 
is  said  to  exhibit  endosmosc,  that  is  to  say,  the  other  liquid  goes  into  it 
This  unequal  penetration  is  mainly  attributable  to  the  different  demefl 
of  adhesion  exerted  by  the  diaphragm  on  the  two  liquids ;  that  which  on 
account  of  stronger  adhesion,  enters  the  diaphragm  with  greater  facility, 
will  sooner  reach  the  opposite  surface  and  there  be  taken  up  by  the  other 
liquid.  Difference  of  viscosity  may  also  have  something  to  do  with  the 
effect.  Experiments  on  this  subject  are  usually  made  by  placing  a  glass 
tube  or  invertcil  filter  closed  at  the  bottom  by  a  diaphragm  and  filled 
with  one  of  the  liquids,  in  a  vessel  which  contains  the  other,  both  liquids 
t>eing  made  to  stand  at  the  same  height.  The  level  then  rises  either  in 
the  inner  or  the  outer  vessel,  according  to  the  nature  of  the  liquid;  if  the 
two  currents  are  of  the  same  strength,  the  level  remains  unaltered, 
although  tlio  fluids  become  uniformly  mixed.  The  observations  made 
upon  til  is  phenomenon,  arranged  according  to  the  nature  of  the  diaphragm, 
are  as  follows  :— 

a.  Baked  eartJienware,  Endosmoso  proceeds  from  water  to  solution 
of  sulphurous  acid  of  1*02  sp.  gr.  to  dilute  sulphuric  acid  of  1*054  sp.  gr. 
and  to  sulphuretted  hydrogen  water:  on  the  contrary  it  proceeds  at  all 
degrees  of  temperature  and  concentration  from  oxalic  and  tartaric  acids 
to  water,     (l)utrochet.) 

b.  Caoutchouc,  Through  any  material  covered  with  caoutchouc  en- 
dosmose  [)rocoeds  from  alcohol  to  water,  first  slowly,  but  afterwards 
quickly,  when  the  caoutchouc  has  been  acted  upon  by  the  alcohol;  at  the 
same  time  the  alcohol  becomes  more  and  more  dilute  by  the  action  of  an 
opimsite  stream  of  water.  (Dutrochct.)  A  caoutchouc  bottle  filled  with 
ether  gradually  empties  itself  in  alcohol  or  water;  if  filled  with  alcohol 
it  distends  in  other  but  empties  itself  in  water:  if  filled  with  wat«r  it 
distends  when  placed  either  in  alcohol  or  in  ether.  Hence  caoutchouc  is 
most  pervious  to  ether  then  to  alcohol,  and  lastly  to  water.  (Mitchell,  J. 
Roy.  Inst,  2,  112,  and  317.) 

Bladder,  Endosmose  proceeds  at  10°  C.  from  water  to  dilute  sul- 
phuric acid  of  1  '093  sp.  gr. :  but  in  the  contrary  direction  with  sulphuric 
acid  of  1*054  sp.  gr.  It  also  proceeds  from  solution  of  sulphurous  acid 
of  1*02  sp.  gr.  to  water;  both  these  acids,  however,  soon  destroy  the 
bladder,  and  then  the  two  liquids  reassume  the  same  level.  (Dutrochet.) 
Solution  of  sulphuretted  hydrogen  goes  over  to  water  according  to  Dutro- 
chet ;  but  according  to  Mitchell  the  exchange  takes  place  without  altera- 
Uon  of  volume.     At  10°  C.  hydrochloric  acid  of  1*017  sp.gr.  remains 
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[  eqnilTbrium  with  water;  if  tlic  aciJ  is  stronger,  e.^.  1*02,  the  water 
[goes  over  iij  it;  if  weaker,  e.g,  1015^  it  goes  to  the  water;  at  22^  C.  it 
I  moat  l>e  diluted  to  ]*002  sp.  gr.  in  order  that  endosmose  may  be  directed 
rfroni  it  to  water.  ^Dutroehet)  At  10'^  C.  nitric  acid  of  1'09  sp.  gr. 
renmias  at  the  same  level  as  water;  if  the  sp.  gr.  he  112  or  higher,  the 
water  goes  to  the  acid ;  at  J  08  sp,  gr.  and  under,  the  acid  goes  to  the 
water.  (Dutrochet.)  Solatiou  of  oxalic  acid  goes  over  to  water  at  all 
degrees  of  temperature  and  concentration;  the  more  it  is  concentrated  the 
I  faster  it  travels:  on  the  contrary,  it  filters  through  the  bladder  much  more 
slowly  than  pure  water  (the  alowneas  increai?ing  with  the  concentration) 
if  Ihe  lower  surface  of  tl»o  bladder  bo  placed  in  contact  with  a  solution  of 
the  same  strength  as  that  whose  rate  of  filtration  is  to  be  determined. 
This  seems  at  variance  with  the  supposition  that  endosmose  is  due  to  dif- 
ference of  adhesive  |H3wer.  A  solutmn  of  11  parts  of  tartaric  acid  in  100 
of  water  (sp.  gr.  1  "05)  remains  in  cfjuilihrio  with  pure  water  at  25°  C; 
with  a  stronger  solution  the  principal  current  is  directed  from  the  water 
to  the  acid;  with  a  weaker,  from  the  acid  to  the  water  At  15^  C.  equi- 
lihrinni  takes  place  with  a  solution  of  21  parts  of  tartaric  acid  in  100  of 
water  {sp.  gr,  I'l);  and  at  8**  with  30  of  acid  to  100  water  (sp.  gr.  1"15); 
and  at  -f-  0*25^  with  40  acid  to  100  water  (sp.  gr.  l'2l}.  It  appears, 
therefore,  that  the  tendency  of  the  acid  to  go  over  to  the  water  increases 
as  the  temperature  is  lowered.  A  eolution  of  1 1  jiarts  of  citric  acid  in 
100  parts  of  water  ^sp.  gr.  I'OS)  cfjuilibratcs  with  water  just  like  a  solu- 
tion of  tartaric  acid.  (Dutrochet.)  Endosmosc  proceeds  from  water  to 
solutions  of  salt  pel  re  and  common  salt.  A  solution  of  common  salt  of 
1*12  sp.  gr.  rises  in  water  twice  as  high  in  the  same  time  as  a  solution  of 
V06  sp.  gr.  A  solution  of  common  salt  of  1*085  sp.  gr.  goes  over  to  a 
B^dution  of  Glauber's  salt  of  the  same  density,  (l)utrochet)  Endosmose 
proceeds  from  water  to  solutions  of  common  salt,  chloride  of  calcium, 
protosulphate  of  iron  and  sulphate  of  copper.  The  alteration  of  level 
ceases  w^hen  the  liquids  in  both  vessels  become  of  the  same  strength. 
With  common  salt  the  rising  of  the  li<|uid  is  much  less  rapid  than  with 
the  more  soluble  chloride  of  calcium.  If  the  experiment  be  made  with 
*  two  solutions  of  the  same  salt  of  diflercnt  degrees  of  concentration, 
I  endosmose  always  proceeds  from  the  weaker  to  the  stronger.  So  like- 
wise from  the  solution  of  a  less  soluble  salt,  such  as  sulphate  of  potash,  to 
eaturated  solution  of  a  more  soluble  salt  such  as  acetate  of  potash. 
(Ma^us, /*o-7^.  10,160.)  Endosmose  proceeiis  from  water  to  solutions 
of  all  kinds  of  stilts,  increasing  in  force  with  the  strength  of  tlie  solution; 
it  is  strongest  with  chloride  of  copper;  then  follow  green  and  blue  vitriol; 
then  common  salt  and  sabammoniac;  it  is  weak  with  chloride  of  iron  and 
iulphocyanide  of  potassium:  with  protochloride  of  tin,  nitrate  of  silver, 
and  chloride  of  gold,  which  are  decomposed  by  the  bladder,  no  endosmose 
if>  observable.  (N.  Fischer,  Fo^(^.  11,  120.)  If  the  outer  vessel  contains 
a  solution  of  sulphate  of  csopper,  the  inner  one  water  having  a  piece  of 
iron  in  it,  endosmose  is  directed  to  the  water  provided  the  iron  touches 
the  bladder,  while  copper  is  deposited  on  the  outer  surface  of  the  bladder, 
and  acid  and  oxygen  carried  over  to  the  iron  by  galvanic  action.  (Fischer, 
l^ilb,  72 f  305,  Magnus.)  Zinc  causes  the  water  to  rise  as  well  as  iron, 
I  but  more  slowly;  if  the  iron  does  not  touch  the  bladder  the  water  sinks. 
[(Wach.  Sckw,  58,  20.) 

'  A  bladder  tied  over  a  glass  filled  with  alcohol,  swells  up  under  water 
to  such  an  extent,  that  when  the  bladder  is  pricked  with  a  needle,  the 
alcohol  spirti  out  in  a  long  stream.   (Parrot,  i^o(/f/,  10,  1G6.)     In   this 
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«rf  fi«ffim«fii  A  littli  Alcohol  also  pasMs  into  tho  water.  (Magniu.)  It  fel- 
hfw«t  ilniftfforn,  that  alcohol  and  water  exhibit  contrary  aetiona  towafdi 
liMul/l^  anJ  ea^iiitchouc,  because  alcohol  adheres  more  strongly  to  caont- 
tiUftne,  wnUtr  Ut  hiarlder;  water  containing  snlphnretted  hvdrogen  pen»- 
ifnUm  iiiUf  alivibol  fjrnn  more  qnickly  than  pore  water.  (BfitehelL)---For 
Mftvflsf  f9i|mritrii9ntN  hj  Bt)mnicHnK  0ce  AmHoI, — Water  passes  to  ether 
in  ilm  Mime  manner  im  to  aloohoL  (Dutrochet.)  Endosmose  is  directed 
ffMn  wikUtf  (o  Mfiliitions  of  glue,  gum,  sugar,  and  white  of  esg;  and  when 
ih^m  llf|tiMii  bare  the  name  ilensitj,  1*07,  the  rise  of  the  uqnid  is  mea- 
ftiffi^l  In  tbfi  mm  of  glue  by  f),  of  gum  by  5,  of  sugar  by  11,  and  of  white 
'^"fflt^'y  d  the  Ifint  exhibits,  therefore,  the  strongest  endosmose.  A 
ft'ilndofi  of  I  |Hirt  of  giitti  in  16  of  wntcr  passes  orer  to  a  solution  of  1 
jmfi  iff  nuftnf  ill  in  or  vron  '12  of  water,  although  the  former  solution  is 
htu'h  foorii  viiNMiiiM  ilmn  the  latter.  If  1  part  of  oxalic  acid  is  mixed 
Hiflf  fbo  lioliilioti  of  I  of  Mugnr  in  10  of  water,  the  endosmose  is  from  the 
ttutfttr  wthti'tim  fo  fbn  pnro  wator:  when  2  parts  of  sugar  and  1  of  oxalic 
will  ftro  t\\nmi\vni\  in  HI  of  wat4jr  tho  solution  remains  in  equilibrium  with 
frttfh  WMfff,  poctionN  of  Hugiir  and  oxalic  acid  passing  however  into  the 
wnU'f,  A  Mfltjtlon  of  ^ugar  rinoH  H  times  an  high  with  solution  of  oxalie 
iM'til  nm  with  pure  Wfili*r  in  the  Hnnie  time;  it  acts  in  the  same  manner 
Ufwntih  Moluf John  of  tartaric  and  citric  acids.  (Dutrochet.) 

#/,  Nfffri  tiff  hi*  Allium  fWrum  (Irrk),  Endosmose  from  water  to  sul- 
pbtif1/(  ff^M  of  I'(l27't  ("p.  gr-  to  solution  of  sulphuretted  hydrogen,  oxalio 
H^'i'l  iind  tartaric  aiiid  of  various  dcgn^cs  of  concentration  and  at  varions 
f'rofKifMfnrnM;  In  Mm  contrary  dirc*ction,  therefore,  to  that  with  bladder. 
(Uufrfm\wK  Ayni.  rh.  Vhyn,  \\\  3»3;  37,  IHl ;  4D,  411 ;  51,  159;  extr.  in 
/''////A  l««;  IB,  017;  2H,  nnt);  nlNo  Ann.  Chim.  Ph.  60,  337.) 

fi,  Atllifninn  f)rttt*efn  aSoIhIs, 

I.  Firr'i  diiNt  fMJIif'rcM  to  v(*rticnl  and  inverted  horizontal  surfacetl. 

yt.  *l'wn  iM'tcro^cncoiiN  boilics  with  very  finely  polished  suifaccs 
rtdlf'TM  tog#-t|pi-r  wttli  n.  rortain  force.     Comp.  Prcchtl.  (Poga,  15,  223.) 

*A.  'Ilifn  kitifj  of  Mdlicnlon  Im  hioNi  powerfully  manircsted  when  otte  of 
Ib'i  bo'JM'H  i«  OrPit  brought  to  the  liquid  state  (by  which  it  acquires  the 
po#r.r  of  ;idHpting  Ifwlf  jH'rfrctly  to  the  surface  of  tho  other),  and  after- 
wfir/li  n/ilirliflcd.  Thii«  Im  thn  principle  of  glueing,  pasting,  soldering,  sil- 
Tff irii/  of  toirroriM,  tho  use  of  tnoftars,  conionts,  &c. 
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Synonjnies:  Chemical  Attraction,  Vlrnnical  Force,  Elect  he  AUracihn, 
Elective  A  ffinit  If,  CiicmUcht  Kraf\  Verwandhchaft^  Waklvcrwandtschafi, 
WahlantkhuTfj,  AffinkaSj  Attract io  Elect iva,  AffinUe, 

History,  Chemiciil  comljination  was  hi  early  times  attributed  to  the 
;^oneral  print'iple  of  Hippocrates  that  like  n^^orts  with  like:  hence  tho 
word  Attinity  (Verwiindtscbaft)  wbirh  seems  to  have  been  first  employed 
by  Barcbliuocii.  Becher  a8sun*ed,  in  ae:?eordance  with  this  dogma,  that 
when  two  bodies  are  capable  of  combinint;  they  niiiot  contain  a  common 
principle.  Others,  jiniong  whom  was  Lemeryj  supposed  that  solvent.^  are 
furutsbcd  with  a  number  of  sharp  points  by  means  of  wiiich  they  are  more 
or  les.9 adapted  to  iusintmte  theni«>elye8  into  the  porest  of  solid  todies  and 
combine  with  them.  According  to  StahTs  theory,  chemical  combination 
proceeds  from  the  intimate  approximation  of  the  partj^  of  tlie  combining 
bodies  but  not  exactly  in  the  manner  of  a  wedge.  Newton  was  the  first 
who  referred  chemical  combination  to  the  principle  of  universal  attraction, 
thongh  he  at  the  eame  time  partly  as.'^umed  that  this  attraction  between 
ultimate  particles  is  not  exactly  tlie  same  as  that  which  acts  between  the 
great  bodies  of  the  universe.  Geoflroy  the  elder,  in  1718,  drew  np  the 
lirst  Table  of  Affinity,  which  wa,^  suhseipiently  eiiljj rged  and  corrected  by 
Gellert,  Wenzel,  Bergman  and  Guyton-Motvean.  The  idea  that  many 
chemical  combinationts  take  place  in  definite  proportions  only  had  occurred 
to  some  of  the  older  ch em ist-^,  e.g.,  Wenxei,  Bergman,  Kirwan ;  and  tbey 
endeavoured  to  determine  these  proportions.  This  view  was  confirmed 
by  Richter,  Proust,  Gay-LussaCj  Dalton  and  Berxoliiia,  and  expanded 
into  the  Theory  of  Definite  Proportiam  ^jt  t^'toicltiomttry, 

I.    FtJNBAMENTAL   NoTIOK   OP  AFFINITY. 

Ability  is  that  kind  of  attraction  by  virtue  of  whicli  bodies  of  dis- 
similar nature  combine  together  into  a  whole  which  appears  perfectly 
uniform  to  the  senses,  even  when  as.sisted  by  the  most  powerful  instru- 
ments. The  act  of  union  is  called  Chemical  €\y7nbination*,  the  resulting 
product  a  Chemical  Comopundy  and  if  it  be  fluid,  a  Solution,     The  dis- 

»  The  term  ComMnation  i§  sometiiiies  also  applied  to  the  resaltiii(f  produrt:  the 
correspond Lng  Germaa  word  V^erifinduuff  is  applied  iadii»criiiiiuiiitcly  to  the  act  of  coiu- 
hiaiitton  and  to  the  product,     [W.] 
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Mmikr  «u1i8tanoe«  coutainc<l  in  the  compound  are  iU  Compcmenit  or 
KUy/wnU)  and  of  ihcHO  if  one  be  fluid  and  the  other  solid,  the  former  is 
cal]<rd  th«)  Solvent  or  Menntrunm,  the  latter  the  Dissolved  body  or  Sclulym, 
The  Hphc'ro  of  action  of  chemical  affinity  has  by  some  chemists  been 
if>o  nitich  (;nlargful,  by  otiiors  too  much  contracted.  An  instance  of  the 
former  of  the^e  errors  has  aln^ady  been  given  in  speaking  of  the  mixtore 
of  ga^oH  (page  2\\  The  following  views  on  the  contrary  appear  to 
rcHtrict  tlie  idc^a  ot  a  chemical  compound  between  too  narrow  limits. 

1.  Many  combinations  of  liquids  with  gases  in  which  the  latter  lose 
their  gaseous  condition  are  by  Dalton  and  others  regarded  as  mechanical 
(vid.   Wairr). 

2.  All  mixturori  of  liquids  one  with  another,  and  all  solutions  of  solids 
ill  lif|uidri,  are  by  Bcrzeliufl,  Mitsclicrlich,  Dumas,  and  others  of  the  most 
diHiifiguiHlicil  modern  chomists,  regarded  as  not  chemical,  unless  they  take 
place  in  dtifiuito  pro|K>rtionH :  e.(f,y  mixtures  of  water  and  alcohol,  alcohol 
atifl  volatih*  oil;  HoIutiouH  of  acids,  alkalies  and  salts  in  water,  alcohol,  &c. 
MilMclH'rlich  attributoH  Huch  combinations  to  adhesion,  Berzelins  to  a 
inotlifinitiou  of  aflinity, — while,  according  to  his  view,  chemical  combina- 
nations  projierly  so  calle<l  result  not  from  affinity  but  from  electrical 
attraction.  Dumas  ascribes  them  to  a  solvent  power  which  he  supposes  to 
hold  a  miiMle  place  between  cohesion  and  affinity:  inasmuch  as  the 
former  rauHOH  tho  union  of  bodies  of  the  same  nature,  the  latter  that  of 
bfxlios  of  vury  op])OHite  natures,  producing  compounds  possessed  of  new  and 

fieculiar  jirojM^rticH;  while  the  solvent  power  causes  the  oombination  of 
MidioN  of  very  Himilar  nature,  as  of  metals  with  metals,  acids,  alkalies  and 
salts  with  water,  resin  and  hX  with  alcohol,  <S:c.  These  views  lead  to  no 
satisfactory  definition  of  Affinity  (for  objections  to  them,  vid.  GMe^s 
Vhys,  Worterfjuch.  Ausg.  2,  9,  18(52).  They  are  nevertheless  true  in 
this  reAi>cct  that  a  distinction  must  bo  made  between  strong  and  weak 
affinities,  the  fonnor  producing  compounds  of  definite  constitution  and 
characterised  by  distinct  and  remarkable  properties,  while  the  latter  gives 
rise  to  products  of  Iosh  definite  composition  and  dificring  less  in  their 
properties  from  the  bodies  of  which  they  are  formed:  on  this  ground 
Berthollet,  in  an  earlier  state  of  the  science,  distinguished  the  more 
intimate  combinations  as  Compounds  {Comhinaisons)  and  the  less  intimate 
as  Solutions  (Dissolutions),  though  the  two  classes  merge  into  one  another 
by  imperceptible  gradations  and  admit  of  no  determinate  separation. 

II.  Range  op  Affinity. 

Every  simple,  i.e.,  hitherto  nndecomposed  body,  is  capable  of  entering 
into  chemical  combination  with  others,  but  generally  speaking  not  with 
all.  It  is  possible  that  every  simple  substance  may  have  affinity  for  every 
other;  but  many  compountls  of  these  substances  may  not  have  been 
obtained  hitherto,  because  the  components  have  not  been  placed  under  the 
particular  conditions  in  which  their  affinity  cati  exert  itself;  others  it  may 
be  impossible  to  form  because  the  affinity  between  their  components  is 
overcome  by  the  force  of  gravitation,  cohesion,  or  elasticity.  For  exam- 
ple, the  fact  of  carbon  not  combining  with  mercury  may  perhaps  be 
explained  partly  by  the  great  cohesion  of  carbon,  the  tendency  of  its 
particles  to  remain  combined  amongst  themselves  being  possibly  greater 
than  their  inclination  to  unite  with  those  of  mercury;  partly  from  the 
ffreater  specific  ^avity  of  mercury,  by  which  that  substance  is  prevented 
from  diffusing  itself  through  so  comparatively  light  a  body  as  carbon. 


AFFINITY. 


«• 


So  likewiae  tbe  elasiiciiy  ol  nitro^Q  may  preyent  that  sulistance  6-om 
combtning  with  metals,  iiia^mucK  as  by  enteriDjif  into  such  combination,  it 
would  iof^.  iU  /^seoufl  foroL  If  a  gas  be  regarded  a«  a  compound  of  a 
ponderable  bcnly  with  beat,  the  explanation  just  given  will  amount  to 
thiii, — that  nitrogen  is  prevented  from  combining  with  metals  in  con- 
sequence  of  its  greater  affinity  for  heat. 

Compounds  result  in  ;^  from  the  union  of  two  aimple  substaiieea  or 
Conipo^iuds  of  the  first  Ordtr,  to  which  belong  the  inorganic  acidst  baaea, 
metallic  chbiridew,  &c.,  are  themselves  for  the  most  part  capable  of  com- 
bining— ^*ometimes  though  rarely— with  simple  inbatances,  but  much  more 
frei^uently  with  other  compounds  of  the  same  order.  In  this  manner  are 
formed  Omnpomid^  ofth^  Second  Order^  the  moat  important  of  which  are 
the  simple  aalU.  The^  compounds  again  are  capable  of  uniting  bolii  with 
each  other  and  with  compounds  of  the  first  order,  thus  forming  compnunda 
of  the  lugher  orders:  and  so  on.  But  the  more  complicated  the  constitu- 
tion of  any  such  Mibatanee  may  be,  the  more  nearly  will  the  eorahining 
tendencies  of  its  elemente  be  satisfied,  and  the  less  therefore  will  be  the 
inclination  of  those  elements  to  enter  into  further  combinations.  In  this 
manner  chemistry  renohes  its  limit.  In  oompounds  of  the  second  order»  a 
distinction  may  bo  made  between  Proximate  an<l  Ultimate  elements 
{Principia  pro^ma  et  }*enwta) ;  in  those  of  the  third  order,  between 
Fi'o^iniate  elemenU  of  the  jirst  order,  Frojtimate  elements  of  the  second 
order  and  intimate  dements.  Thus  in  sulphate  of  potash,  sulphuric  aeid 
and  potash  are  the  |Kroximaie  elements;  and  Binco  sulphuric  acid  consists 
of  aujpliur  and  oxygen,  potash  of  f>otasAium  and  oxygen,  we  say  tliat 
oxygen,  sulphur  and  potassium  are  the  ultimate  elements.  Since  com- 
pounds generally  exhibit  atHnities  different  from  those  of  their  eom]>onentf, 
it  follows  that  the  affinities  of  the  components  in  their  character  of  primi- 
tive or  elementary  substances  will  sometimes  differ  from  the  resulting 
aftinity  of  the  compound.  The  older  chemists  dietingnij?hed  such  eases  by 
})articular  names.  Thus  if  there  be  a  substance  A  with  which  another 
subst^ince  B  is  ca|able  of  uniting,  while  a  third  substance  C  is  not  capable 
by  itaeLf  of  entering  into  such  combination  but  becomes  so  by  uniting 
with  B,  the  affinity  thus  manifested  was  cjilled  Medkitlng  A^niiij  {ver* 
mittdndf  Vtrwandtsclmfi^  Afiniias  approximanSy  appropriala  s.  adjiita.) 
For  instance,  alumina  (C)  by  combining  with  sulphuric  acid  (B)  liecomes 
soluble  in  water  (A).  If  neither  B  nor  C  can  combine  with  A,  but  the 
eoiubiuation  BC  can  form  such  a  union,  the  affinity  is  callod  Produced  or 
Z>ev«A»|^  A^nilt/,  {<rzeuf/te  VertvtmdtscM/t,  Affindas  produ^a).  Thus 
neither  capbon  nor  nitrogen  can  combine  with  mercury;  but  their  com- 
pound, cyanogen t  has  a  powerful  affinity  for  it.  An  example  of  the 
inability  of  four  liquids  to  combine  is  afforded  by  the  so  called /<Hir^foina«*» 
(mercury,  solution  of  carbonate  of  potash,  dilute  alcohol  and  rock-oil). 

III.    FORMAT^N    OF   ChEMICAL  CoMPOUNM. 

The  Cfteo  in  which  2  or  more  bodies  corab^ie  without  causiog  tho 
destruction  of  any  previously  existing  chemical  comi)ouad  was  called  by 
the  older  chemists  Affinity  of  composition  or  of  mij:iure^  :mammemetundc 
'd*r  vfTfimc/itfide  AJfuiitaif  Affinltas  compositionis  #.  mixiionU, 

I,  Condltiom  under  which  Chemical  Comhination  tahsplace^ 

A.  The  affinity  of  the  combining  bodies  must  be  enifieieat  to  OTer- 
cemo  all  opposing  forces,  such  as  gravitation,  eoheeion,  and  elasticity. 
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B.  The  substances  must  be  brought  into  immediate  oontaot^  for  affinity 
does  not  act  at  sensible  distances. 

C.  Oenerally  speaking,  one  at  least  of  the  combining  bodies  must  be 
either  in  the  liquid  or  gaseous  state,  and  if  it  be  not  so  at  ordinary  tem- 
peratures it  must  be  brought  into  that  state  by  elevation  of  temperature. 

Hence  the  old  rule :  Corpora  non  aguni  nuijluida  from  the  erroneous 
supposition  that  the  fluid  or  menstruum  was  the  only  active  body,  and 
the  solid  or  soivendum  a  resistance  to  be  overcome.  Solid  bodies  either 
do  not  combine  at  all,  or  their  combination  is  attended  with  great  diffi- 
culty, because  from  the  immobility  of  their  particles  their  points  of  imme- 
diate contact  are  but  few,  and  the  exceedingly  thin  film  of  compound 
which  may  be  formed  at  such  points  acts  as  a  partition  to  preveut  further 
contact  and  consequently  further  combination.  But  by  continued  rubbing, 
which  renews  the  points  of  contact,  more  complete  combination  may  ofiten 
be  efiectcd :  in  this  manner  finely  divided  copper  nmy  be  made  to  com- 
bine with  sulphur,  the  combination  being  even  attended  with  rise  of 
temperature.  If,  on  the  other  liand,  the  compound  formed  by  the  two 
solids  is  itself  fluid,  its  mobility  gives  rise  to  continually  renewed  contact^ 
and  combination  goes  on.  Thus  ice  under  0°  unites  with  chloride  oi 
sodium  and  other  salts,  and  solid  amalgam  of  lead  with  solid  amalgam  of 
bismuth.  Crystallized  oxalic  acid  and  lime  may  be  made  to  combine 
by  rubbing  thorn  together,  because  the  acid  contains  more  water  of  ciys- 
tallization  than  the  oxalate  of  lime  produced  is  able  to  take  up:  henoe  at 
the  beginning  of  the  action  a  little  water  is  set  free  and  dissolves  the 
oxalic  acid,  &c.,  &c.  In  some  cases  it  is  sufficient  to  heat  one  of  the 
solid  bodies  till  it  softens :  thus  iron  surrounded  with  charcoal  and  heated 
to  whitcncHs  is  slowly  i)cnctrated  by  the  charcoal  (Cementation),  When 
in  conscquciico  of  one  or  both  bodies  being  in  the  fluid  state,  combination 
takes  place  at  tho  ordinary  t<.'niperature  or  a  little  above  it,  it  is  called 
Solution  in  t/ie  wet  wat/j  (Sol tit io  via  humida);  if  a  higher  temperature 
is  roijuired,  tlio  jjrocosrf  is  called  Solution  in  the  dry  way.  Fusion  (SoIh' 
tio  via  fticca,  Confu^io.) 

i).  Even  if  one  or  both  of  the  bodies  be  in  the  fluid  state,  a  higher 
tonij>erature  is  often  necessary  to  eflect  the  combination. 

Meltc<l  sulphur  will  not  combine  with  carbon;  the  sulphur  must  be 
brought  in  the  state  of  vapour  into  contact  with  red-hot  charcoal,  althongli 
tho  elasticity  of  the  vapour  might  rather  bo  expected  to  interfere  with 
tho  combination.  Neutral  carbonate  of  soda  in  the  efliorescent  state 
absorbs  carbonic  acid  vorv  slowly  at  first,  but  more  and  more  quickly  as 
it  gets  heated  by  the  absorption,  and  ultimately  with  great  violence. 
(Mohr,  Ann,  Pha)m.  29,  2G8.)  Charcoal  requires  to  be  heated  before  it 
will  burn  in  oxygen  gas,  that  is,  before  it  will  combine  with  the  oxygen. 
At  ordinary  temperatures,  oxygen  may  be  mixed  with  hydrogen  and 
other  inflammable  gases  without  combining  with  them,  but  at  a  red  heat 
combination  takes  place  immediately.  In  this  case  both  bodies  are  fluid, 
and  wo  might  expect  that  heat  by  increasing  their  elasticity  would  rather 
opiK)se  than  favour  the  combination.  The  manner  in  which  heat  acts 
in  such  cases  is  not  precisely  understood.  If  for  instance  we  suppose  that 
the  aflinity  between  oxygen  and  hydrogen  in  the  cold  is  not  sufticient  to 
overcome  their  elasticity  but  becomes  greater  at  a  higher  temperature, 
then  the  resulting  compound  ought,  on  cooling,  when  the  affinity  between 
its  elements  is  again  diminished,  to  be  resolved  into  those  elements  by 
the  action  of  elasticity.  If  again,  with  Monge  and  Berthollet,  we  sup- 
|>ose  that  the  portion  of  the  gaseous  mixture  first  heated  presses  by  its 
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lion  on  the  neighbouring  particles,  and  thereby  causes  them  to 
combine,  it  may  }ns  argued  on  tlie  other  hand  that  snch  pre-^jt^iug  together 
of  the  particles  can  hare  but  little  efleet,  and  that  no  combination  ensues 
when  the  gaseous  mixture  is  gradually  subjected  to  a  pressure  of  50  or 
even  150  atmospheres. 

E.  In  some  aises,  light  has  the  same  effect  as  au  elevation  of  tempe- 
rature. 

Chloriue  and  hydrogen  or  carbouic  oxide. 

F.  Electricity  likewi^te  favuurs  the  combination  of  many  substances, 
acting  chiefly  hy  elevation  of  temperature,  but  also  by  the  conipresaion 
which  the  electric  spark  exerti?  upon  the  gaseous  mixture  through  whicli 
it  passes. 

G.  In  some  instances,  the  expniision  of  gaseous  bodies  favours  their 
combi nation  with  others.  Phosplioru.s  undergoes  slow  combustion  in 
oxygen  gas  however  low  the  temperature  may  be,  the  action  going  on 
more  qnickly  as  the  gas  is  more  rarefied;  a  mixture  of  oxygon  and  non- 
inflamnmblo  phosjrburetted  hytlrogen  gases  explodes  on  expansion. 

H.  The  presence  of  a  heavy  solid  body,  particularly  a  metal,  having 
a  great  extent  of  surface,  likewise  causes,  sometimes  at  ordinary,  some- 
times at  slightly  elevated  temperatures,  the  combination  of  oxygen  with 
inflamjnable  ga*;es  and  vapours,  which  would  otherwise  take  place  only  at 
a  red  heat. 

This  property  is  most  strikingly  exhibited  by  platinum;  the  more 
finely  divided  the  platiuuui,  the  stronger  is  \U  action.  When  the  com- 
bination of  oxygen  with  inflammable  gases  takes  plaoe  at  it,^  surface,  the 
heat  developed  raises  its  tempemture  and  thereby  increases  its  activity, 
till  at  length  the  metal  becomes  red-hot  and  then  sudden  combination 
ensues.  ( Vid,  Oxygen  and  Hydrogen.)  Platinum  appears  to  condense 
gases  particularly  oxygen  on  its  surface  by  adhesion  (page  26),  so  that 
the  heterogeneous  atoms,  being  deprived  of  their  heat-spheres,  are  able  to 
approach  one  another  and  combine. 

I.  Many  bodies,  particularly  those  which  are  very  elaatic,  or  very 
cohesive,  combine  together  only  when  aided  by  the  chemical  co-operation 
of  other  bodies. 

n.  Formation  of  chemical  compounds  by  Stthdiiuilon, 

One,  or  both,  of  the  combining  bodies  is  previously  contained  in  another 
compound  which  is  less  elastic  or  less  coherent  than  t!ie  body  itself,  and 
from  which  it  passes  over  to  the  new  combination  in  the  so-callod  nascent 
xtate,  before  it  nas  time  to  reasanmc  the  highly  elastic  or  highly  coherent 
state  which  belongs  to  it.  Nitrogen  and  hydrogen  will  not  combine  to 
fonn  ammonia  by  the  action  of  either  heat  or  electricity;  but  if  tin- 
filings  iie  [daced  in  contact  with  water  and  binoxidc  of  nitrogen,  the  tin 
will  rob  both  these  bodies  of  their  oxygen,  and  the  hydrogen  dlsengagerl 
from  the  water  will  combine  at  the  moment  of  liberation  with  the 
nitrogen  set  free  from  tho  nitric  oxide,  and  form  ammonia.  Tin  acts  in 
the  same  manner  on  dilute  nitric  acid.  Ammonia  is  also  produced  on 
heating  nitre  with  gum,  and  likewise  from  aKOti»ed  orffaiiic  substances 
when  heated  alone.  Oxygen  and  nitrogen  will  not,  witnout  ^reat  difti- 
cuUy,  combine  directly  to  form  nitric  acid:  tins  substance  is  however 
obtained  when  amnion iacal  gas  is  passed  over  red-hot  oxide  of  manga- 
nese, or  a  mixture  of  ammoniacal  ga«  and  oxygen  passed  through  a  red- 
hot  tube.  The  nitrogen  being  the  less  elastic  of  the  two  elements  of 
ammonia,  is  more  disposed  to  combine  with  oxygen  when  the  hydrogen 
liiis  been  separated  from  it  by  the  action  of  that  eubstaoce,  than  when  it 
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in  in  the  free  state.  Similarij  the  oombinatioiM  of  nitoogeD  with  cklo- 
rine,  bminine,  iofiine,  sulphur,  and  phosphoros  are  not  obtained  directly 
from  nitrogen  gas  itJielf,  but  from  the  decomposition  of  ammonia*  Iodise 
will  not  combine  directly  with  oxygen  gas  to  form  iodic  aeid :  this  aidd  is 
however  prr>«Iured  on  beating  icmino  with  nitric  acid.  Similarly  iodie 
acid  is  pitiduced,  as  also  bromic  and  chloric  acid  (which  latter  oannot  be 
formed  by  ineaDH  of  nitric  acid)  by  bringing  iodine,  bromine,  or  chlorine 
in  contact  with  Hf)lution  of  [>otaeh.  The  compound  of  water  aad  oxygen, 
called  peroxide  of  hydrogen,  is  obtained  not  from  water  and  oxygen  gas, 
bat  from  water,  p(;rozido  of  barium,  and  hydrochloric  acid,  Uie  acid 
abstracting  Iwryta  and  leaving  the  excess  of  oxygen  of  the  peroxide  of 
lyariiim  t^)  go  over  to  the  water. 

Among  tlio  inHtancos  in  which  cohesion  is  diminished  by  the  action  of 
a  pm-oxisting  eom(K>tind,  the  following  may  be  mentioned :  Anhydroos 
baryta  does  not  nbHorb  carbonic  acid  gas,  but  the  hydrate  takes  it  up 
readilv,  waUrr  being  set  free  at  the  same  time.  Crystallised  alumina 
(Huj>|)liirc),  and  inatiy  other  weak  bases  in  the  crystallised  or  ignited 
state  do  not  dissfilve  m  hydnichloric  acid ;  but  after  being  heated  with  a 
Uuy^  (|aantity  of  caustic  potash  with  which  they  combine,  they  become 
soluble  in  that  wM.  If  the  insolubility  of  crystallized  alumina  arose  from 
its  cohesion  licing  greater  than  its  affinity  for  the  acid,  it  ought  not  to 
dirmoUii  in  the  (tci<l  after  being  ignited  with  potash,  but  to  separate,  in 
conse(|ueiico  of  its  greater  cohesion,  after  the  potash  had  been  dissolred  in 
the  acid :  it  ajiiKrars  then  to  be  only  the  peculiar  kind  of  aggregation  be- 
longing to  the  crystalline  state  that  prevents  the  alumina  from  acting  in 
oliedionco  to  its  affinity  for  the  acid. 

6.  Induction  of  chemiciil  combination  by  communication  of  chemical 
eiMrf^y, — A  Ix^ly  in  the  act  of  chemical  combination  has  the  power  of 
inducing  the  same  kind  of  activity  in  another  body  and  causing  it  to 
combine  with  a  third  body,  tlierchy  fonning  a  compound  which,  under 
the  cxiMting  circuniHtaiiajH,  would  not  have  been  formed  without  the  pre- 
soniso  of  the  limt  bcwly.  (Liehig,  Ann.  Pharm.  30,  262.)  Wet  peat-earth 
gradually  absorbs  oxygen  ga«;  if  the  latter  bo  mixed  with  hydrogen,  a 
portion  of  the  lijrdrogiin  (!nt<?rH  into  combination  with  the  oxygen,  which 
it  wouM  not  do  m  the  absence  of  the  iKjat-earth.  (Saussure.)  Nitrogen 
gas  does  not  by  itself  comhine  with  oxygen,  even  when  heated;  but  if  a 
mixture  of  nitrogen  and  hydrogen  Iw  set  on  tire,  the  hydrogen  bums, 
protlacing  water,  and  a  portion  of  the  nitrogen  combines  at  the  same 
time  with  oxyfren,  producing  nitric  acid.  Pure  copper  does  not  oxidate 
in  water  mixed  with  sulphuric  acid,  but  when  combined  with  zinc  and 
nickel  (in  0(;rman  silver),  metals  whicli  decompose  acidulated  water,  or 
when  combined  with  tlirco  times  its  weiglit  of  zinc  only,  it  oxidates  and 
dissolves  completely  together  with  the  other  metals.  Platinum  when  alone 
does  not  oxidate  and  di««olvo  in  nitric  acid,  but  when  alloyed  with  silver 
it  l)ocomes  soluble  in  that  acid. 

i.  Circumstances  and  Results  of  the  chemical  combination  of  Ponderable 

Bodies, 

A.  Emission  and  absorption  of  imponderable  substances. 
In  all  cases  of  the  combination  of  ponderable  bodies,  a  change  and 
geueraliy  a  rise  of  temperature  is  produced,  sometimes  amounting  to  the 
most  intense  heat.    This  rise  of  temperature  is  generally  greater  in  pro- 
portion to  the  strength  of  the  affinity  by  which  the  oomliination  is  brought 
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about ;  a  fall  of  terapemture  is  leas  frequent.  (  Vid.  Heat.)  Some  com- 
binations are  attended  with  a  slight  aeTolopment  of  electricity.  ( Vid. 
Electricitj.) 

B*  Time  in  which  conibiaation  takes  place* 

a.  With  the  mm-e  two  bodtes,  the  rapidity  of  combination  is  increased 
by  diniiiiisliing  the  quantity  of  a  solid  body  in  proportion  to  that  of  a 
liquid,  or  of  a  giuseoua  body  in  proportion  to  that  ol  a  liquid  or  a  solid; 
by  dimtniiihiii^  tiio  cohesion  of  a  solid  by  heating,  or  the  elasticity  of  a  gnM 
by  cooling  and  compression ;  and  lastly,  by  coraniinntin^  u  solid  body  and 
increaciin^  the  number  of  pointa  of  contact  by  Jigitation  and  friction. 

A  salt  placed  at  the  bottom  of  a  qnantity  of  water  di^olves  very 
slowly  when  at  rest,  because  the  heavy  film  of  galinc  solution  which  »s 
gradually  forming  remains  above  the  ,'?aU  and  prevents  its  contact  with 
the  rewt  of  the  water:  the  same  salt  placed  at  the  ujq)er  part  of  the 
water  in  a  muslin  bag  ora  filter  di«tiolves  very  rapidly,  because  the  solution 
as  it  is  formed  dinks  to  the  bottom  and  allowjj  the  rest  of  the  water  to 
come  in  contact  with  the  salt.  Aniniouiacal  gas  directed  upon  the  sur- 
face of  water  Is  very  slowly  absorbed,  because  the  new  compound  (solution 
of  ammonia)  is  lighter  than  water,  and  thepeforo  forms  a  layer  on  the 
surface  preveDting  the  further  contact  of  the  water  and  gas;  but  if  the 
gas  is  directcil  through  a  tube  to  the  bottom  of  the  water,  the  absorption 
takes  place  very  quickly.  Hydrochloric  acid  gas,  on  the  contrary,  is 
rapidly  absorbed  when  directed  on  the  surface  of  water  because  its  solu- 
tion in  that  liquid  being  heavier  than  water  sinks  to  the  bottom j  and 
fresh  water  comes  to  the  surface.  A  metal  slowly  cooled  after  fusion  dis- 
solves more  rapidly  in  acids  than  it  would  if  it  had  been  lianimered. 

L  With  dijfej'cnt  bodies^  the  rapidity  of  combination  is  greater,  in  pro- 
portion as  their  affinity  is  greater,  their  cohesion  less,  their  dift'erence  of 
specitic  gravity  smaller,  their  diflusion  through  on©  another  more  casy> 
and  the  fluidity  of  the  new  compound  more  complete*  The  combination 
of  solids  with  duids  takes  place  much  more  slowly  in  consequence  of  the 
greater  cohesion  of  the  former  than  that  of  Jiuiils  with  fluids.  Liquids 
of  different  specific  gravity  combine  slowly  when  at  rest  and  disposed  one 
above  the  other  in  layers,  but  quickly  when  shaken.  Oases  combine 
raost  quickly  of  all,  because  they  dilTuae  themselves  through  each  other 
spontaneously  by  adhesion  (page  20 J.  If  the  new  compound  is  solid  at 
ordinary  temperatures,  it  places  itself  between  the  new  bodies  and  hinders 
their  further  combination  ;  e,  g.j  zinc  and  sulphur, 

C.  Proportions  in  which  bodies  combine* 

This  forms  the  subject-matter  of  Stoichiomtiryj  or  the  Doctrine  of 
Chemical  Proportions  or  Ohmiical  Equivalents. 

Ponderable  bodies  generally  combine  in  delinite  prcportionfl,  which 
come  out  w^ith  greater  distinctness  as  the  affinity  between  the  combining 
substances  is  stronger.  *With  respect  to  the  proportion  in  which  two 
bodies  combine,  the  following  cases  present  themselves : 

«.  Two  bodift  may  It  mtjccd  in  ant/  propoHion  whatever ,  and  in  no 
c^jr  <ioe^  the  mtjrture  prcsaU  any  peculiar  properties:  e,g*,  Water  and 
aleidjol,  alcohol  and  ether,  ether  and  volatile  oils. 

fc.  One  body  A  viay  take  up  any  qxiantiiy  whatever  o/  another  body 
Ji;  hut  B,  nfler  haviny  combined  with  a  certain  quantity  of  A ,  takes  np 
no  more  of  it, — B  ia  then  said  to  bo  saturated  with  A;  the  point  cfmiit- 
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ration  is  attained ;  a  saturated  combination  or  solution  has  been  formed. 
1  part  of  Iinsee<l-oil  may  be  dissolved  in  40,  1000  parts  or  any  greater 
Quantity  of  alcohol ;  but  when  30  parts  of  alcohol  have  taken  up  1  part  of 
linsecd-oil,  any  greater  quantity  remains  undissolved  and  forms  a  milky 
liquid  on  agitation.  10  parts  of  common  salt  mixed  with  an^  quantity 
of  water  greater  than  27  pts.  will  form  a  clear  solution ;  bat  if  common 
salt  be  added  by  small  portions  at  a  time  to  27  parts  of  water,  the  first 
10  pts.  will  dissolve  completely,  but  any  further  quantity  will  remain 
undif<solved.  Similar  relations  are  exhibited  by  water,  alcohol  and  ether 
towards  many  salts  and  other  solid  bodies,  and  likewise  towards  gases. 
Water  and  ether  agitated  together  in  equal  quantities  separate  when  left 
at  rest  into  two  layers ;  the  lower  consists  of  water  saturated  with  ^ 
ether,  which  may  bo  replaced  by  any  quantity  of  water  whatever;  the 
upper  is  ether  holding  a  very  small  quantity  of  water  in  eolation^  and 
miscible  with  ether  in  all  proportions. 

In  most  of  these  cases  the  point  of  saturation  varies  with  the  tempe- 
rature and  external  pressure.  Most  solid  bodies  dissolve  more  abundantly 
in  fluids  the  more  the  temperature  is  raised,  probably  on  account  of 
diminished  cohesion ;  but  as  exceptions  to  this  law  we  find  that  lime  and 
some  of  its  salts  dissolve  more  abundantly  in  cold  than  in  warm  water, 
and  10  pts.  of  common  salt  saturate  27  of  water  at  all  temperatures. 
Under  increased  pressure,  liquids  will  dissolve  larger  quantities  of  gaseous 
bodies;  moreover  Perkins  found  {Afui.  Ch,  Phys.  23,  410,  also  Soiw,  30, 
361)  that  a  milky  mixture  of  alcohol  with  a  larger  quantity  of  bergamot 
oil  than  it  can  dissolve  at  the  ordinary  pressure  of  the  air,  became 
perfectly  limpid  from  solution  of  the  oil  under  a  pressure  of  1100  atmo- 
spheres. 

c.  Two  bodies  combine  in  one  or  a  small  number  only  of  d^/iniU  pro- 
portions, subject  to  no  variation  from  temperature  or  outward  pressure. 

This  law,  the  most  important  of  all,  holds  good  in  all  cases  in  which 
the  more  powerful  aflinities  are  concerned.  It  implies  a  mutual  satura- 
tion of  A  with  B,  and  B  with  A. 

a.  The  two  bodies  A  and  B  combine  in  one  proportion  only.  In  this 
case  the  same  relative  quantities  ensure  the  saturation  of  A  with  B^  and 
of  B  with  A. 

Chlorine  and  hydrogen  combine  only  in  the  proportion  by  weight  of 
3j-4  : 1 ;  zinc  and  sulphur  only  as  32*2  : 1(>. 

p.  The  two  bodies  combine  in  2  definite  proportions  only:  A  is  satu- 
rated with  B  at  ono  of  these  proportions,  and  B  with  A  at  the  other. 

Six  parts  of  carbon  combine  with  8  pts.  of  oxygen  to  form  carbonic 
oxide,  with  1 6  to  fonn  carbonic  acid ;  in  carbonic  oxi<le  the  oxygen  is 
saturated  with  carbon,  in  carbonic  acid,  the  carbon  is  saturated  with 
oxygen ;  for  8  oxygen  will  not  take  up  more  than  6  carbon,  nor  6  carbon 
more  than  16  oxygen;  moreover  between  carbonic  oxide  and  carbonic 
acid  there  exists  no  intennediate  combination  containing  more  than  8  and 
less  than  16  of  oxygen  united  with  6  of  carbon.  It  is  true  that  carbonic 
oxide  and  carbonic  acid  gases  moy  be  mixed  in  any  proportion  whatever, 
and  thus  a  gas  obtained  in  which  6  parts  of  carbon  are  present  in  connection 
with  more  than  8  and  less  than  16  of  oxygen:  but  this  is  no  chemical 
compound,  but  a  mere  mixture  of  gases,  from  which  potash  will  remove 
the  carbonic  acid  and  leave  the  carbonic  oxide  behind.  Similarly  35*4 
chlorine  with  101*4  mercury  form  corrosive  sublimate,  and  with  202*8 
mercury  they  form  calomel:  a  substance,  which  for  every  35*4  pts.  of 
chlorine  contained  more  than  101*4  and  less  than  202*8  mercury,  would 
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be  a  mixture  of  corrosive  sablimate  and  calomel,  from  wbicli  alcohol 
wouM  tliasolve  tlie  former  and  leave  tlic  latter. 

y.  The  two  bodies  combine  ia  3»  4,  or  5  distinct  proportions, — In  tbis 
case  the  combination  of  A  with  the  largest  quantity  of  B,  gives  one  point 
of  eatiinition,  and  that  of  B  with  the  largest  «:)imntity  of  A,  the  other; 
between  these  two  points  of  saturation  are  situated  1,  2,  or  3  intermediate 
combinationi?.  But  here,  a^  in  the  former  ca^^e,  there  is  no  gradaal  transi- 
tion from  the  minimum  to  the  maximum^  but  a  sudden  passage  from  one 
characteristic  eomliination  to  another. 

48  molybdenum  with  H  oxygen  form  molybdous  oxrrle,  with  IG  oxygen, 
molybdie  oride,  and  witb  24  ox.  molybdic  acid*  16  sulpbnr  with  8 
oxygen  form  hyposulpburous  acid ;  with  16  ox.  stilplmrous  acid  with  20 
ox.  hjposulphiirie  acid;  and  with  24  ox,  eidphurie  acid.  14  nitrogen  with 
H  oxygen  fonn  nitrons  oxide ;  with  1 6,  nitric  oxide  ;  with  24 ,  nitrous  acid  ; 
with  32,  peroxide  of  nitrogen  or  hyponitric  acid;  and  witb  40  of  oxygen^ 
nitric  acid.  Many  intermediate  compounds  may  he  regariled  as  com- 
blnations  of  two  eaturated  compounds  in  definite  proportions^,  Tlini?, 
103*8  lead  form  wnth  8  oxygen  ^tbe  smallest  possible  quantity)  the  yellow, 
with  Id  oxygen  (the  greatest)  tne  brown  oxide  of  lead:  between  tbei^e  is 
found  the  re<I  oxide,  wbieh  contains  103'8  lead  witb  10|^  oxygen,  or 
(multiplying  by  3)311*4  lead  with  32  oxygen,  and  may  be  regarded 
as  a  compound  of  yellow  oxide,  2  (103  8  lead  +  8  oxygen)  and  brown 
oxido  (103-8  lead  +16  oxygeu).  Moreover,  the  reel  oxide  ia  decom- 
posed by  acetic  acid,  which  dissolves  out  the  yellow  oxide,  leaving  the 
brown.  Similarly,  magnetic  iron  ore  may  be  regarded  as  a  compound 
of  protoxide  and  peroxide  of  iron. 

These  more  intimate  and  definitely  proportioned  compounds  considered 
uider  Cj  are  subject  to  the  two  following  im[!ortant  laws. 

First  Law  liELAXiNo  to  the  same  two  rodie5.  Suppose  two  bodies 
A  and  B  to  be  capable  of  uniting  in  several  proportions;  then  if  the  smallest 
c|uantity  of  B  which  can  combine  with  a  given  quantity  of  A,  bo  multi- 
pi  ie<l  either  by  l^j  or  by  1^,  or  by  2,  or  by  2^,  or  by  3,  4,  5,  or  any 
higher  whole  number,  the  products  will  give  the  other  quantities  of  B, 
which  may  combine  with  the  before  mentioned  given  quantity  of  A. 
(Berjteliu^J)  Thus  6  carbon  combine  %vith  8  and  2.8  oxygen;  16  sulphur 
with  8,  2.8,  2^.8 and 3.  8  oxygen  ;  14  nitrogen  with  8,  2,8,  3.8,  4.8  and 
.'» .  8  oxygen ;  1 03  8  lead  w ith  8,  1 1 *  8  and  2 . 8  oxygen .  Th is  law  atTords  a 
check  on  the  results  of  experiment :  thus  if  experiment  had  indicated  that 
6  carbon  unite  with  8  oxygen  to  form  carbonic  oxide,  and  with  15'5 
oxygen  to  fonn  carbonic  acid,  it  might  have  been  suspected,  since  15'5  is 
not  one  of  the  multiples  of  8  by  1|,  1|,  2,  2j,  3  .  .  .  ,  ,  that  the  com- 
position either  of  carbonic  oxide,  or  of  carbonic  acid,  or  of  both,  had  not 
been  correctly  dotennirjed  by  experiment. 

Second  Law,  uelatiko  to  dtfperext  bodies.  From  the  proportion 
in  which  A  crmibines  with  B  on  the  one  hand  and  with  C  on  the  other,  may 
likewise  becalcubited  the  proportion  in  which  combination  may  take  place 
between  B  and  C.  If^  for  example,  experiment  ^^how^(  that  1  part  of  A 
combinew  with  3  partes  of  B  and  with  8  piirt«  of  C,  then  B  and  C  must 
coml>ine  either  in  the  proportion  of  3  B  to  8  C,  or  in  ^ome  other  propor- 
tion in  which  the  3  B  are  mnltipbed  by  one  of  the  following  numberi^,  1^, 
1  j,  2,  2  J,  1,  3,  4,  5,  ^-c,  or  tlie  8  C  by  one  of  the  same  numbers,  or  the  3  B 
by  one  and  the  S  C  by  another  number  of  the  same  series.  The  same  law 
bold«  good  in  the  case  of  any  number  of  bodies,  so  that  if  I  A  will  combine 
with  3  B,  8  C,  10  D,  12 'E,  Aa,  then  B  wiU  combine  witb  C,  D  and 


42  AFFINITY. 

E  cither  in  tho  proportion  of  3  :  8,  3  :  10,  3  :  12,  or  else  in  proportioiia 
obtained  by  multiplying  ono  or  each  of  these  nnmbers  by  some  fiictor 
taken  from  the  abovo-mentionod  series.  Taking  solphur  for  the  body 
denoted  by  A,  we  find  that  IG  sulphur  with  103*8  lead  form  snlphnret  of 
lead;  with  24  oxygen,  Bul])huric  acid;  with  1  hydrogen,  hydrosnlphnrie 
acid;  with  3  carbon,  bisulphuret  of  carbon;  and  with  13*6  iron,  iron- 
pyrites.  Now  103 -8  lead  combine,  not  with  24  oxygen,  but  with  8  oxy- 
^n  to  form  yellow  oxide  of  load;  the  103*8  lead  must  therefore  be  mul- 
tiplied by  3  to  give  the  proportion  in  which  lead  and  oxygen  are  combined 
in  the  yellow  oxide.  Oxygen  and  hydrogen  combine,  not  in  the  ratio  of 
24  :  1,  but  of  8  : 1  or  24  :  3;  tho  1  hydrogen  mnst  therefore  be  mnltiplied 
by  3. — 24  oxygen  combine  nut  with  3  carbon,  but  with  18  carbon  in  car- 
bonic oxide:  the  3  carbon  has  therefore  to  be  multiplied  by  6. — 24  oxygen 
combine  not  with  13*6,  but  with  81  6  iron  to  form  protoxide  of  iron,  the 
latter  number  being  equal  to  6  times  13*6. 

From  these  two  laws  it  follows  that  to  eyery  simple  substance  there 
belongs  a  certain  relative  weight,  according  to  which  it  combines  with 
given  relative  weights  of  other  simple  substances,  only  that  in  many  cases 
this  relative  weight  re([uires  to  bo  multiplied  by  some  number  of  the  series 
already  mentioned.  This  determinate  relative  weight  of  a  body  is  by 
those  who  admit  the  atomic  theory,  called  the  Atomic  Weight;  by  those, 
on  the  other  hand,  who  either  reject  this  theory  altogether,  or  regard  it  as 
not  sufficiently  established, — the  Comhimiig  Weighty  Chemical  Weight,  Che- 
mical Equivalenty  Combining  Proportion,  Equivcdent  Proportion,  orEqui^ 
valeiit  Number,  Stoichiometrical  Proportion,  or  Stoichiometrical  Number, 

The  origin  of  these  two  laws  is  most  satisfactorily  explained  by  the 
atomic  theory  (which  we  shall  hereafter  develop  more  completely),  accord- 
ing to  which  every  simple  substance  consists  of  very  small  invisible  par- 
ticles called  atoms,  tlicsc  atoms  being  of  uniform  weight  and  volume  in 
each  individual  substance,  while  the  atoms  of  different  substances  may 
be  of  different  weight  and  volume.  It  is  assumed  that  in  chemical  com- 
bination the  heterogeneous  atoms  lay  themselves  close  together,  and  so 
form  compound  atoms,  which,  when  collected  into  a  mass,  constitute  the 
new  compound:  further,  that  tho  atoms  have  a  tendency  to  unite  in  sim- 
ple numerical  proportions:  e.  g.,  1  atom  of  A  with  1,  2,  3,  or  more  atoms 
of  B;  or  2  atoms  of  A  with  3  or  5  atoms  of  B,  or  3  atoms  of  A  with  4 
atoms  of  B.  It  is  only  in  organic  compounds  that  more  complex  propor- 
tions occur. 

If  we  now  examine  tho  preceding  examples  according  to  this  view, 
we  may  afisumo  that  the  absolute  weight  of  an  atom  of  carbon  is  to 
that  of  an  atom  of  oxygen  =6:8,  and  that  1  At.  carbon  combines 
either  with  1  At.  oxygen  to  form  carbonic  oxide,  or  with  2  At.  oxygen 
to  form  carbonic  acid.  It  will  then  follow  that  in  carbonic  oxide  every 
6  parts  by  weight  of  carbon  are  combined  with  8  parts  of  oxygen, 
and  in  carbonic  acid,  every  6  parts  of  carbon  with  1 6  of  oxygen. — We 
may  also  with  great  probaoility  assume  that  the  atomic  weight  of  sulphur 
is  twice  as  high  as  that  of  oxygen,  and  therefore  =  16,  if  that  of  oxygen 
be  taken  =  8.  Since  now,  according  to  experiment,  1 6  parts  of  sulphur 
can  combine  with  8,  16,  20  or  24  parts  of  oxygen,  it  follows  that  1  At, 
sulphur  combines  with  1,  2,  2 J  and  3  At.  oxygen;  and  since  half 
atoms  are  inadmissible,  the  combination  of  16  sulj)hur  with  20  oxygen 
(=  32  :  40)  may  bo  regarded  as  consisting  of  2  At.  sulphur  combined 
with  ,5  At.  oxygen. — If  the  atomic  weight  of  nitrogen  be  taken  equal 
to  14,  it  will  bo  found  that  1  At.  nitrogen  can  combine  with  1,  2,  3,  4  or 
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5  At^  oxygen. — The  atomic  weiglit  of  lead  being  assumed  oqual  to  i03'8j 
the  yellow  oxide  of  lead  must  he  euppoeed  to  contain  1  At.  lead  with  1 
At,  orygen^  the  brown  oxide  1  lead  with  2  oxyi^en,  and  the  red  oxide  3  lead 
with  4  oxygen.  Thus  it  is  explained  why  the  smallest  quantity  of  B 
with  which  A  will  combine,  must  he  moltiplied  by  l|j  l^,  2,  2;J,  3,  4, 
and  other  whole  numbers,  to  find  the  other  proportions^  For  1  At.  of  A 
takes  up  sometime:!  1,  sometiuic^*  2,  sometimes  more  atoms  of  B,  and 
hence  the  augmentation  proceeds  accordin^^'  to  whole  numbers:  or  2  At. 
of  A  unite  with  3  or  5  of  B :  hence  arisee  multiplication  by  1 1  or  2^;  or  3 
At.  A  with  4  At*  B.  wlience  multipllcatiun  by  1^. 

With  respect  to  the  second  law,  wo  have  the  following.  If  ex|>eri- 
metit  letbows  that  1  part  of  A  combiiies  with  3  i^arts  of  B,  and  with  8 
parts  of  C,  then  on  the  supposition  that  in  the^e  compounda  1  At.  of  A 
exists  in  connexion  with  1  At.  of  B,  and  with  1  At.  of  C,  it  follows 
that  the  atomic  weights  of  A,  B,  C,  ==  1  :  3  :  8;  since^  however,  in  these 
combinations,  1  At.  of  A  may  be  combined  with  2,  3,  4,  or  any  greater 
nnmbcr  of  atoms  of  B  or  C,  or  2  At.  of  A  with  3  or  5  At.  of  B  or  C\  or  3 
At,  of  A  with  4  At.  of  B  or  C,  &c.  &c.;  or  finally,  since  B  and  C  mast 
not  be  supposed  always  to  combine  in  equal  numbers  of  atomj?,— it  will 
often  he  necessary,  in  determining  the  equivalent  numbers  acconling  to 
which  B  and  C  oombine,  to  multiply  the  3  parta  of  B  or  the  8  parts  of  C,  or 
both  of  them,  by  one  of  the  numbers  in  the  series  1^,  l^j  2^  2|>3j  4^  5, . . » 


Atomic  Weiphtt  of  Simple  Snbsianees, 

Of  the  ahgolute  tmight  of  aiomi  we  can  know  nothing,  excepting  that 
they  must  be  extremely  small.  It  is  only  the  relative  weight  of  the 
atoms  of  different  bodies  that  can  be  determined  with  any  degree  of  pro* 
babitity  from  the  proportions  by  weight  acconling  to  which  the  bodies 
combine.  This  relative  atomic  weight  may  1)0  discovered  by  assuming 
arbitrarily  a  particular  number  to  represent  the  atomic  weight  of  any  one 
fiubstance,  and  then  determining  the  atomic  weights  of  the  other  bodies 
according  to  the  proportions  by  weight  in  whicli  they  combine.  Some 
chemists,  following  Dalton,  put  the  atomic  weight  of  hydrogen,  because 
it  is  the  smallest,  =  1;  but  the  greater  number  agree  with  Bcrzelius  in 
assuming  oxygen  ^  100,  The  former  method  is  to  be  preferred,  because 
it  gives  simpler  numbers  and  tliereby  favours  the  retention  of  them  in  the 
memory  and  facilitates  calculation.  The  atomic  weights  of  many  other 
bodies  appear  to  be  simple  multiples  of  that  of  hydrogen,  and  con>*equently 
when  hydrogen  is  taken  =  1,  they  are  represented  by  whole  numbers; 
tf.y.,  carbon  6,  oxygen  8,  nitrogtin  14,  sulphur  16,  $iQ,  These  numlvers 
likewise  contain  one  digit  lews  than  the  others;  ihus,  oxygen  8  instead  of 
100,  carbon  6  instead  of  75^  nitrogen  14  instead  of  175,  sulphur  16  in- 
stctul  of  200,  &c.  This  simplicity,  moreover,  obtains  particularly  with 
regard  to  those  substances  of  which  the  innumerable  organic  compounds 
Itfe  formed.  lo  favour  of  the  other  method  it  is  indeed  advanced  that 
oxygen  is  of  all  the  elementary  bodies  that  which  forms  the  widest  range 
of  compounds,  and  consequently  that  calculation  must  be  facilitated 
when  that  element  is  expressed  by  such  round  numbers  as  100,  200,  300, 
400,  500,  6£c.,  but  the  numbers  8,  16,  24,  32,  40,  are  more  quickly 
written,  and  encumlK?r  the  addition  so  much  the  less  as  the  other  ele- 
ments of  the  compound  are  at  the  same  time  expressed  by  simpler  num- 
Iwrs.  Moreover  hydrogen  occurs  in  a  great  number  of  inorganic  com- 
pounds, especially  in  the  form  of  waterj  and  in  organic  compounds  it 
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occurs  more  freqncntly^  and  in  greater  numbers  of  atoms  than  oxygen, 
no  that  it  makes  a  very  great  difference  in  the  calculation  whether  this 
substance  is  denoted  by  1  or  by  1 2*50. 

The  atomic  weight  of  one  body  being  arbitrarily  fixed,  e.^,,  that  of 
hydrogen  =  1,  the  atomic  weights  of  other  bodies  are  found  as  fbUows: 
100  parts  of  water  contain,  according  to  experiment,  11 '111  hydrogen 
and  88*889  oxygen.     If  now  it  be  assumed  as  most  probable  that  in  water 
every  atom  of  hydrogen  is  in  combination  with  1  atom  of  oxygen,  then 
the   weiglit  of  1    At.  hydrogen  must  be  to  that  of  1  At.   oxygen  = 
11*111  :  88*889  =1:8.     If  100  grains  of  water  contain  x  atoms  <tf  hy- 
drogen, and  therefore  (according  to  the  hjrpothesis  that  in  water  eveij 
1  At.  hydrogen  is  combined  with  1  At.  oxygen)  also  x  At  oxygen,  then 
;r  At.  hydrogen  must  weigh  11*111   grains,  and  x  At.  oxygen  88*889 
grains:  if  then  the  weight  of  x  At.  hydrogen  is  to  that  of  x  At  oxygen 
=  11*111  :  88*889,  then  likewise  the  weight  of  1  At  hydrogen  must  be 
to  that  of  1  At  oxygen  =  11111  :  88*889  =  1:8.     100  ^uis  of  sul- 
phuretted hydrogen  contain  5*9  parts  of  hydrogen  and  94*1  parts  of  sul- 
phur :  if  now  wo  assume  that  this  compound  contains  equal  numbers  of 
atoms  of  hydrogen  and  sulphur,  we  have  the  proportion,  5*9  :  94*1  = 
1  :  16,  or  the  atomic  weight  of  sulphur  is  16  if  that  of  hydrogen  be 
assumed  =  1.     Further,  on  examining  the  relation  of  sulphur  to  oxygen 
we  find  that  100  parts  of  sulphurous  acid  contain  50  of  sulphur  and  50 
of  oxygen;  and  100  parts  of  sulphuric  acid,  40  sulphur  and  60  oxygen. 
Now  50  :  50  =  16  :  16,  and  40  :  60  =  16  :  24;   and  since  the  atomio 
weight  of  sulphur  is  16,  that  of  oxygen  8,  we  may  conclude  that  in 
sulphurous  acid  1  At.  sulphur  =  16  is  combined  with  2  At  oxygen  ^ 
16,  and  in  sulphuric  acid  with  3  At  oxygen  =  24.     Since  carbonic 
oxide  contains  6  parts  of  carbon  combined  with  8  oxygen,  and  carbonic 
acid  6  carbon  with  16  oxygen,  we  estimate  the  atom  of  carbon  at  6,  and 
suppose  that  in  carbonic  oxido  it  is  combined  with   1,  and  in  carbonic 
acid  with  2  atoms  of  oxygen.     Sulphuret  of  carbon  contains  6  parts  of 
carbon  united  with  32  sulphur;  therefore  1  At.  carbon  with  2  At  sul- 
phur.     Similarly   the  atomic  weight  of  nitrogen   is  estimated   at  14, 
because  14  parts  of  nitrogen  combine  with  8,  16,  24,  32,  and  40  parts 
oxygen:  consequently  1  At.  nitrogen,  with  1,  2,  3,  4,  and  5  At  oxygen. 
In  ammonia  1 4  parts  of  nitrogen  are  combined  with  3  of  hydrogen,  there- 
fore 1  At.  nitrogen  with  3  At.  hydrogen.     Since  in  yellow  oxide  of  lead 
(massicot)  1038  lead  are  combined  with  oxygen,  the  atomic  weight  of 
lead  may  be  estimated  at  103*8;  according  to  this,  galena,  which  is  com- 
posed   of  lead  and  sulphur  in  the  proportion  of  103*8  :  16,  must  be 
regarded  as  containing  equal  numbers  of  atoms  of  its  elements.     Thus 
then,  the  atomic  weight  of  hydrogen  being  assumed  =  1,  the  following 
atomic  weights  have  been  determined:  oxygen  8,  sulphur  16,  carbon  6, 
nitrogen  14,  lead  103*8;  and  in  a  precisely  similar  manner  the  atomic 
weights  of  the  other  elements  are  calculated. 

If,  on  the  other  hand,  the  atomic  weight  of  oxygen  be  assumed 
=  100,  the  numbers  just  found  will  be  altered  as  follows:  since  8:1:: 
100 :  12*5,  the  atomic  weight  of  hydrogen,  which  was  1  in  the  former 
system,  will  in  the  present  be  12*5.  Similarly  we  shall  find  that  the 
atomic  weight  of  sulphur  is  (8  :  16  =  100  :  a?)  =  200:  of  carbon  (8:6  = 
100  :  x)  =  75:  of  nitrogen  (8  :  14  =  100  :  a:)  =  175;  and  of  lead  (8  :  103*8 
=  100  :  x)  =  1297*5.  Generally,  the  atomic  weights  obtained  by  as- 
suming that  of  hydrogen  =  1  must  be  multiplied  by  100  and  divided  by 
8,  in  order  to  find  the  corresponding  atomic  weights  on  the  supposi- 
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tion  of  1  At.  oxygen  :^  100:  couveraely,  the  latter  atomic  weigliti  aw 
recjuced  to  tbe  former  by  mriltiplyin^  by  8  and  ilh-iding  by  100.  How- 
ever tbe  atomic  weitjlits  obtuinoJ  on  the  latter  supposition  may  difTer 
from  tbose  restilting  from  tbe  furii^er,  it  i:^  eviitent  diat  tbo  ratio  of  tlxo 
numbers  remains  tbe  same,  iind^  since  all  tbe  nmgnitudea  are  relative, 
tbis  difTerence  of  tbe  atomic  weigbt  is  only  apparent. 

Another  less  obvious  cau^e  of  difterence  in  the  determination  of 
atomic  weights  is  as  follows.  Just  aa  tbe  atomic  theory  itself  rests  only 
on  &  probable  hjrpotbeais,  so  likewise  the  assumption  that  certain  com* 
pounds  contain  ec|nal,  others  uiicfjujil  numbers  of  heterogeneous  atoms 
niusl  he  regurded  as  merely  probable.  For  example  it  cannot  be  proved 
that  in  water  every  atom  of  bydroijen  is  united  with  exactly  one  atom  of 
oxygen  ;  there  may  be  2  or  more  atoms  of  hydrogen  combined  with  each 
atom  of  oxygen,  or  one  atom  of  hydrogen  with  2  or  more  atoms  of 
oxygen — and  similarly  with  regard  to  all  other  compounds.  Tbe  hypo- 
thesis of  Davy^  W'oUastonj  and  W.  Henry,  that  water  contain<s  e<|ual 
numbers  of  atoms  of  oxygen  and  hydrogen  has  been  assumed  above  aa 
the  more  probable :  but  the  majority  of  chenusts  agree  with  Berzeliua  in 
supposing  that  it  contains  2  atoms  of  hydrogen  for  each  atom  of  oxygen, 
Ou  this  supposition  1  At,  oxygen  will  be  not  8  but  10  times  as  heavy 
as  1  At.  bydrogeUj  so  that  if  the  atomic  weight  of  hydrogen  =  1,  that 
of  oxygen  =  lU;  and  if  the  atomic  weight  of  ojtygon  =  100,  that  of 
hydrogen  ^  6*25:  for  according  to  this  view,  1  At.  oxygen  ^16  com- 
bines with  2  At.  hydrogen  =  2. 1  =  2;  or  1  At,  oxygen  100  combines 
with  2  At.  hydrogen  —  2,6'25  —  12*5,  Thia  view  rests  chiefly  on  the 
law  laid  down  by  Berzclius,  viz.  that  nimple  sulstances  in  tli£  ga^eoits  state 
contain  equal  numbers  of  atowi^  in  eqmtl  roliinus*  Since  then  in  the  for- 
mation of  water  2  volumes  of  hydrogen  combine  with  1  volume  of  oxygen, 
and  since  according  to  tbe  law  just  stated,  2  vol,  hydrogen  contain  twice 
na  many  atoms  as  1  vol.  oxygeUj  it  follows  that  in  water  every  2  At. 
hydrogen  must  be  combined  with  1  At.  oxygen.  If  1  cubic  inch  of 
hydrogen  ga.s  contains  r  At.  byilrogen^  then  according  to  thia  taw,  1  cub, 
in.  oxygen  gas  will  contain  a?  At.  oxygen;  according  to  this,  tbe  atomic 
weights  of  tbe  2  bodies  will  be  to  one  another  as  the  specific  gravities  of 
the  gases;  for  between  x  atoms  of  the  two  gaseous  bodies  there  must  exist 
the  same  proportion  by  weight  as  between  1  atom  of  each  of  tbera.  The 
specific  gravity  of  oxygen  gaa  is  10  times  as  great  as  that  of  hydrogen, 
and  therefore,  according  to  this  view>  the  atomic  weight  of  oxygen  must 
be  IG  tiroes  as  great  as  that  of  hydrogen;  and  in  water  1  At,  oxygen 
=  16  is  combined  with  2  At.  hydrogen  =  2.1  —  2;  or  1  At,  oxygen 
=  8  with  2  At.  hydrogen  =  2.  |  =  I  if  the  atom  of  oxygen  be  repre- 
sented by  8  and  that  of  hydrogen  by  |« 

In  accordance  with  this  law,  BerzcHus  reckons  the  atomic  weights 
of  nitrogen,  iotllne,  bromine,  chlorine  and  tluorine  at  only  half  tbe  value 
which  from  other  considerations  they  appear  to  have.  If  the  spocifio 
gravity  of  hydrogen  gas  ^  1,  that  of  oxygen  is  10,  of  nitrogen  14,  of 
iodine-vupour  12**,  of  bromine  vapour  78*4,  of  chlorine  gas  35*4;  hence 
according  to  Berzelins  the  atomic  weight  of  oxygen  is  to  those  of  these 
bodies  =  IC  :  14  :  126  :  78*4  :  35-4  or  =8:7  'gS  :  392  :  17-7.  In  tbe 
case  of  fluorine,  whose  specific  gravity  in  the  gaseous  state  is  not  yet 
known,  Bentelius  haa  in  tbe  same  manner,  on  account  of  its  analogy  with 
chlorine,  reduced  tbe  atomic  weight  to  one-half  of  that  u.sually  given. 

Against  this  it  must  be  alleged,  (1)  that  we  are  by  no  means  com- 
pelled to  admit  tbe  above  law,  which  on  the  contrary  is  in  direct  oppo- 
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Hitioii  to  the  results  of  experiments;  and  (2)  tbat  it  oUigM  iu  to  adait 
the  exitftencc  of  atoms  smaller  than  those  which  oocar  in  any  kaowa 
compound,  or  than  is  consistent  with  the  manner  in  which  they  replaoa 
each  other  in  different  compounds, — and  leads  to  the  nae  of  atomie  nuni- 
bers  much  larger  than  is  necessary. 

1 .  According  to  the  atomic  theory,  every  gas  consisis  of  ponderaUa 
atoms  surround^  by  spheres  of  heat.  If  now  it  be  admitted  th^t  these 
lieatHspheres  have  the  same  volume  (external  pressure  and  iesiperaiaie 
being  equal)  in  all  ponderable  substances,  then  it  will  follow  that  all  gases 
must  contain  equal  numbers  of  atoms  in  eqiuil  volumes.  But  that  such  a 
supi)osition  is  by  no  means  necessary  is  seen  at  once  from  this, — that  with 
respect  to  compound  gn«es  the  law  in  question  is  sometimes  tm^  sone- 
tiines  false.  Thus  1  volume  of  hydrogen  gas  and  one  volume  of  cblofiiie 
gas  form  2  volumes  of  hydrochloric  acid  gas.  If  now  we  suppose  «  to  be 
the  number  of  atoms  in  each  volume  of  the  simple  gases,  then  by  the 
C'xincurrcuce  of  all  the  individual  atoms  of  hydrogen  with  all  the  indivi- 
dual atoms  of  chlorine,  there  will  have  been  formed  x  atoms  of  hydroohlorio 
acid,  and  these  fill  up  the  space  of  2  measures :  consequently  the  two 
measures  of  hydrochloric  acid  gas  contain  the  same  number  only  of  atoms 
I'ls  I  measure  of  hydrogen  gas  or  1  measure  of  chlorine  gas :  I  atom  of 
hydrochloric  acid  must  therefore  be  surrounded  by  a  heat-sphere  twice  aa 
large  as  that  which  surrounds  1  atom  of  chlorine  or  I  atom  of  hydrogen. 
This  example  (many  others  will  afterwards  appear)  shows  that  tne  above 
law  is  not  applicable  to  compound  gases;  indeed  it  was  never  applied  to 
them.  We  see  also  from  the  same  example  that  there  is  no  necessity  for 
uilmitting  that  the  atoms  of  all  simple  substances  in  the  gaseous  state  are 
KurroundcHl  by  calorific  envelopes  or  heat-spheres  of  the  same  magnitude; 
hut  just  as  in  cx>m pound  IkkIics  these  envelopes  are  of  different  magni* 
tudcs  bearing  simple  relations  to  one  another,  so  likewise  may  it  be  the 
rase  with  simple  substanren;  and  wc  may  therefore  suppose  that  the 
heat-spheres  which  (surround  an  atom  of  hydrogen,  nitrogen,  iodine, 
broniino,  or  chlorine  in  the  gaseous  state  are  twice  as  large  as  those  of 
oxygon,  so  that  2  measures  of  their  gases  will  contain  just  the  same 
number  of  atoms  as  1  measure  of  oxygen  gas.  Finally,  that  this  difference 
of  mugnitude  in  the  hcat-sphercs  must  be  admitted  even  with  regard  to 
nimplc  substances,  and  consequently  that  the  above  law,  with  all  the  cob- 
He<|uencos  deduced  from  it  res]>ecting  the  atomic  numl>crs,  must  be  aban- 
doned, is  shown  by  the  determination  of  the  specific  gravities  of  mercury 
and  sulphur  vapours.  The  atomic  weight  of  mercury  is  usually  given 
=  101*4  (oxygen  =  8)  and  it  is  assume<l  that  the  red  oxide  contains  1, 
and  the  grey  oxide  2  atoms  of  metal  combined  with  1  atom  of  oxygen : 
but  according  to  Dumas  thosp.  gr.  of  mercury  vapour  is  a  little  more  than 
6  times  that  of  oxygon  gas :  according  to  this  the  atomic  weight  of  mer- 
cury should  be  =  50*7  (oxygen  =  8),  and  the  red  oxide  of  mercury 
should  contain  2  and  the  grey  oxide  4  atoms  of  metal  for  every  atom  of 
oxygen, — which  last  proportion  is  highly  improbable.  Again  the  atomic 
weight  of  Hulphur  is  universally  admitted  to  be  double  that  of  oxygen  ; 
according  to  the  above  law  then,  the  specific  gravity  of  sulphur-vapour 
should  be  twice  as  great  as  that  of  oxygen  gas ;  but  the  direct  experi- 
ments of  ])umaf<  and  Mitscherlich  show  that  it  is  G  times  as  great.  It  is 
out  of  the  question  to  suppose,  merely  for  this  reason,  that  the  atomic 
weight  of  sulphur  is  6  times  that  of  oxygen,  viz.  48,  when  oxygen  =  8  ; 
the  resulting  proportions  would  be  contrary  to  all  analogy.  On  this 
account,  notwithstanding  the  great  density  of  sulphur  vapour,  the  atomic 
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weigbt  of  sulphur  is  still  uDiveTsally  admitted  to  ho  douUlc  tliat  of 
oxygen :  but  in  order  to  explain  this  departure  from  tbe  law,  it  is  assumed 
hj  tie  adliereuts  of  tliat  law  that  exceptiona  to  it  are.  more  likely  to  occur 
in  vapours  tlian  iu  the  more  poriuanout  gases,  and  that  sulphur  in  the 
Btate  of  a  heavy  vapour  m  perhaps  in  a  peculiar  isomeric  condition  (for 
tbe  changes  which  sulphur  undergoes  when  heated  see  AmorpkisMj)  and 
that  if  wo  conld  convert  it  iuto  vapour  without  bringing  it  into  this 
peculiar  condition  by  beating,  it  would  probably  yield  a  lighter  vapour. 
To  this  it  may  be  replied  that  the  ditl'eronc^  between  vapours  and  gaees  la 
one  not  of  kind  but  only  of  degree,  and  tbe  law,  if  true,  must  be  equally 
applicabk^  to  hotli ;  moreover  that  if  the  peculiar  isomeric  condition  of 
Kulphur  in  the  state  of  vapoui*  be  admittod,  we  may  expect  that  oxygen 
in  the  state  of  gas  will  be  in  a  simikr  isomeric  couJition^  and  will  there- 
fore yield  a  gas  twice  as  much  condensed  a-s  that  obtained  from  the 
freater  number  nf  elementary  bodies.  In  short,  the  same  unknown  caused 
y  virtue  of  which  1  volume  of  sulphur  vapour  contains  6  times  and  1 
volume  of  hy<lrocbloric  acid  gas  only  half  as  many  atoms  as  1  volume  of 
hydrogen  gas»  Btirogen  gas^  &c,,  may  also  effect  that  1  volume  of  oxygen 
gUB  eomtalus  twice  ae  many  atoniB, 

2.  There  is  no  compound  containing  but  one  atom  of  hydrogen,  nitro- 
gen, ike,  aa  small  as  that  adopted  by  Berzeliua;  neither  doea  any  known 
compound  contain  3,  5,  7,  &c.,  but  always  2,  4,  6,  8,  &c.  of  such  atoms* 
This  nmkos  the  existence  of  such  small  atoms  improbable  and  their 
adoption  superfluous  and  troublesome.  According  to  Berzelius,  if  the 
atomic  weight  of  oxygen  =^  8»  that  of  hydrogen  must  ==  ^,  of  nitrogen 
=^  7,  of  iodine  =-  63,  of  bromine  =  39*2,  of  chlorine  =:  17*7,  and  of 
fluorine  =:  9*37,  But  39*2  potassium  which  unite  with  8  oxygen,  also 
unite  with  2.  63  iodine,  2.  3^*2  bromine,  2.  17*7  chlorine,  and  2,  9^37 
fluorine.  Hence  2  atoms  of  these  bodies  are  required  to  replace  1  atom 
of  oxygen  in  combination  with  potassium  ;  or  2  atoms  of  these  bodies  are 
iki»  equivalent  of  1  atom  of  oxygen.  If  tbe  atoms  be  supposed  twice  aa 
gfe^l,  the  idea  of  an  atom  will  coincide  with  that  of  an  ecjuivalent,  and 
all  eonfusion  will  be  avoided.  According  to  Berzelius*s  view,  however, 
tliese  terms  must  often  be  distinguished  one  from  tbe  other.  These  con- 
siderations have  led  Berzelius  to  introduce  the  notion  of  douhh  utmtis, 
A  double  atom  of  hydrogen*  nitrogen,  iodine,  bromine,  cliloriue,  and 
fluorine  corresponds  in  his  system  to  a  Bingle  atom  of  these  bodies  as 
they  are  considered  in  this  work, 

[For  tbe  reasons  favourable  to  Berzelias's  view  founded  on  tbe  speciflo 
heats  of  the  elementary  bodies,  see  the  chapter  on  Heat.] 

In  the  determination  of  atomic  weights^  the  following  principles  are 
highly  useful  as  guides  : 

1.  Let  it  ho  granted  that  heterogeneous  substances  combine  in  the 
simplest  possible  nnmerieal  proportions,  and  let  their  woightj^  be  deter- 
mined accordingly. — Thus,  hydrogen  being  assumed  ^=  1,  and  therefore 
oxygen  =  8,  the  most  suitable  number  that  can  be  given  to  sulphur  is  16  : 
for  I  At.  sulphur  will  then  combine  with  1  At  hydrogen  to  form  sul- 
phuretted bydrogoD,  with  1  At.  oxygen  to  form  hyposulphurous  acid, 
with  2  atoms  to  fonn  sulphurous,  and  with  3  to  form  sulphurio  acid,  &c. 
If  the  atomic  weight  of  sulphur  were  ma*le  =48  according  to  the  specific 
gravity  of  it«  vapour,  then,  insteud  of  the  preceding  relations,  w©  should, 
nave  I  At.  sulphur  combined  with  3  hyilrogcn,  and  J  At.  sulphur  with  3 
e,  and  9  oxygen. 
»i    8.  Let  no  atomic  weights  be  admitted   smaller  than   thoso  which 
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occurs  more  frequently,  and  in  greater  numbers  of  atomg  than  oxygen, 
so  that  it  makes  a  very  great  ditferijncc  in  the  calculation  whether  tbifl 
6ubetaiic6  is  denoted  hy  1  or  by  12  50, 

The  atomic  weight  of  one  body  being  arbitrarily  fixed,  e.ff.^  that  of 
hydrogen  =  1,  the  atomic  weights  of  other  bodies  are  found  as  follows: 
lUO  parts  of  water  contain^  at!eording  to  experiment,  li'lll  hydrogen 
and  88*88J)  oxygen.  If  now  it  bo  assumed  as  mopt  prc^bable  that  In  water 
every  atom  of  hydrogen  is  in  combination  with  1  atom  of  oxygen,  then 
the  weight  of  1  At.  hydrogen  mutit  be  to  that  of  1  At.  oxygen  ^ 
irill  :  88'8KJ)  —1:8,  If  100  grains  of  water  contain  jt  atoms  of  hy- 
drogen, and  therefore  (aceording  to  the  hypothesis  that  in  water  every 
1  At.  hydrogen  is  eombined  with  I  At.  oxygen)  also  x  At,  oxygen,  then 
X  At.  hydrogen  must  weigh  11111  grainn,  and  x  At,  oxygen  88*880 
grains:  if  then  the  weight  of  jt  At  hydrogen  is  to  that  of  t  At.  oxygen 
=  H"lll  :  88*88f),  then  likewise  the  weight  of  1  At.  hydrogen  must  bo 
to  that  of  1  At.  oxygen  =  11*111  :  88  880  =  1  :  8,  100  parts  of  sul- 
phuretted hydrogen  contain  :iiy  parts  of  hydrogen  and  tJ4"l  parts  of  sul- 
phur: if  now  we  assume  that  this  compound  contains  equal  niimhcrs  of 
atoms  of  hydrogen  and  sulphur,  we  have  the  proportion,  5'iJ  :  94*1  = 
1  :16,  or  the  atomic  weight  of  sulphur  is  16  if  that  of  hydrogen  be 
assumed  =  L  Further,  on  examining  the  relation  of  sulphur  to  oxygen 
we  find  that  100  partnS  of  sulphurous  acid  ccmtain  50  of  sulphur  and  50 
of  oxy^^en:  and  100  parts  of  sulphuric  acid,  40  sulphur  and  (>0  oxygen. 
Now  50  :  50  =  If)  :  16,  and  40  :  60  =  IG  :  24;  and  since  the  atomic 
weight  of  sulphur  is  16,  that  of  oxygen  8,  we  may  conclude  that  in 
Bulphurous  acid  1  At.  sulphur  =16  is  combined  with  2  At.  oxygen  = 
16,  and  in  t^ulphuric  acid  with  3  At.  oxygen  =  24.  Since  carbonic 
oxide  contains  6  parts  of  carbon  combined  with  8  oxygen,  and  carbonic 
acid  6  carbon  with  16  oxygen,  wc  estimate  the  atom  of  carbon  at  6,  and 
fiuppoHC  that  in  carbonic  oxido  it  is  combined  with  1,  and  in  carbonic 
acid  with  2  atoms  of  oxygen,  Sulphiiret  of  carbon  contains  6  parts  tif 
carbon  united  with  32  sulphur;  therefore  1  At*  carbon  with  2  At,  sul- 
phur. Similarly  the  atomic  weight  of  nitrogen  is  estimated  at  14, 
because  14  parts  of  nitrogen  combine  with  8,  16,  24,  32,  and  40  parts 
oxygen:  consequently  1  At*  nitrogen,  with  1,  2,  3,  4,  and  5  At*  oiaygfin^ 
In  ammonia  14  part^  of  nitrogen  are  combined  with  3  of  hydrngeu,  there- 
fore 1  At,  nitrogen  with  3  At.  hydrogen.  Since  in  yellow  oxide  of  lead 
(massicot)  103  8  lead  arc  combined  with  oxygen,  the  atomic  weight  of 
lead  may  be  estimated  at  103'8;  according  to  this,  galena^  wiiich  is  com- 
posed of  lead  and  eulphur  in  the  proportion  of  103*8:16,  must  be 
regarded  as  containing  C([ual  numbers  of  atoniK  of  its  elements.  Thus 
then,  the  atomic  weight  of  h3^drogen  being  assumed  —  1,  the  following 
atomic  weights  have  been  detennined:  oxygen  8^  sulphur  16,  carbon  6, 
nitrogen  14,  lead  I03'8j  and  in  a  precbely  similar  manner  the  atomic 
weights  of  the  other  elements  are  calculated. 

lif  on  the  other  hand,  the  atomic  weight  of  oxygen  be  aeanmed 
^  100,  the  numbers  just  found  will  be  altered  as  follows:  since  8  :  1  i  : 
100:  12*5,  the  atomic  weight  of  hydrogen,  w^hich  was  1  in  the  former 
system,  will  in  the  present  be  1 2 "5.  Similarly  we  shall  find  that  the 
atomic  weight  of  sulphur  is  (8:16  =  100  :  x)  —  200:  of  carbon  (8:0  = 
100  :  X)  —  75:  of  nitrogen  (8  :  14  =  100  :  ^  =  175;  and  of  lead  (8  :  103'8 
=  100  :jr]  —  1297 '5.  Generally,  the  atomic  weights  obtained  by  as- 
Buming  that  of  hydrogen  =:  1  mu^t  be  multiplied  by  100  and  divided  by 
8j  in  order  to  find  tho  corresponding  atomic  weights  on  the  supposi- 
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tioE  of  1  At.  c>3cy^en  =  100:  couversely,  tbo  latter  atamio  weigLts  are 
reduced  to  the  farmer  by  nmltiplyiiig'  by  8  and  dividiTig  by  100.  How- 
ever tbo  atoiiijc  weiirbts  obtjiined  on  tbc  bitter  supposition  may  difTer 
from  tbose  resulting  from  tbe  former,  it  is  ovitieiit  tliat  tbe  ratio  of  the 
numbers  remaina  tbe  same,  and,  since  all  tbe  magaitudcs  are  relative, 
tbis  differeace  of  tbe  atomic  weigbt  is  only  apparent. 

Anotber  less  obvious  cause  of  diflerence  in  tbe  determination  of 
atomic  weigbts  is  as  follows.  Just  as  the  atomic  tbeory  itself  rest^  only 
on  a  probable  Lypotbe^is,  so  likewise  tbe  assumption  that  certain  com- 
jK)und8  contxiin  e^jual,  others  uneanal  numbers  of  heterogeneous  atoms 
must  be  regarded  as  merely  probable.  For  example  it  cannot  be  proved 
Ibat  in  water  every  atom  of  hydrogen  is  united  with  exactly  one  atom  of 
oxygen ;  there  may  be  2  or  more  atoms  of  hydrogen  combined  with  each 
atom  of  oxygen,  or  one  atom  of  bydrogeii  witli  2  or  more  atoms  of 
oxygeu^-and  simibirly  with  regard  to  all  other  compounds,  Tbc  hypo- 
thesis of  Davy,  Wc^Uaston,  and  W,  llenryj  that  water  contains  equal 
numbers  of  atoms  of  oxygen  and  liydrogcn  bas  been  a^nmed  above  as 
tbe  more  probable:  but  the  majority  of  chemists  agree  with  Berzolins  in 
supposing  that  it  contains  2  atoms  of  liydrogen  for  eacb  atom  of  oxygen. 
On  tbis  supposition  1  At,  oxygen  will  be  not  8  but  16  times  as  heavy 
as  1  At.  hydrogen,,  so  that  if  tbe  atomic  weight  of  hydrogen  ^=  I,  that 
of  oxygen  =  10^  and  if  tbe  atomic  weight  of  oxygen  ^  100,  that  of 
hydrogen  ^  6*25:  for  according  to  this  view,  I  At.  oxygen  ^^  16  com- 
bines with  2  At.  hydrogen  —  2.1  =  2;  or  1  At.  oxygen  100  combines 
with  2  At.  hydrogen  —  2.6'25  =  12'5,  This  view  rests  chiefly  on  tbe 
law  laid  down  by  Berzelius,  vi2.  that  simph  snhslances  in  tlu^  ffmemis  state 
contain  rqual  numbers  t}f  aimus  hi  rqiml  rolumcs.  Since  then  in  tbe  for- 
mation of  water  2  volumes  of  hydrogen  combine  with  1  volume  of  oxj'gen, 
and  since  according  to  the  law  just  stated,  2  vol  hydrogen  contain  twice 
as  many  atoms  as  1  vol.  oxygen,  it  follows  that  in  water  every  2  At, 
hydrogen  must  be  combined  with  1  At.  oxygen.  If  1  cubic  inch  of 
hydrogen  gas  contains  :t  At.  bytlrogen,  then  according  to  tbis  law,  1  cub. 
in.  oxygen  gas  will  contain  x  At.  oxygen;  according  to  this,  the  atomic 
weights  of  the  2  bodies  will  bo  to  one  another  as  tbe  specific  gravities  of 
the  gases;  for  between  x  atoms  of  the  two  gaseous  bodies  there  must  exist 
the  same  proportion  by  weight  as  between  1  atom  of  eacb  of  tliem.  The 
specific  gravity  of  oxygen  gaa  is  16  times  as  great  as  that  of  hydrogen, 
and  therefore,  ac^cording  to  this  view,  tbe  atomic  weight  of  oxygen  must 
Ije  10  times  as  great  as  that  of  bydrogeu  ;  and  in  water  1  At.  oxygen 
=  10  is  combined  with  2  At.  hydrogen  —  2.1  =  2;  or  1  At,  oxygen 
=  8  with  2  At.  hydrogen  ==  2.  |  =  1  if  the  atom  of  oxygen  be  repre- 
sented by  8  and  that  of  hydrogen  by  |, 

In  accordance  witb  this  law,  BerzcHus  reckons  the  atomic  weights 
of  nitrogen t  iodine,  brominCj  chlorine  and  fluorine  at  only  half  tbe  value 
which  from  other  cons idemt ions  they  appear  to  have,  If  the  specific 
gravity  of  hydrogen  gas  =  1,  that  of  oxygon  is  10,  of  nitrogen  14,  of 
iodine-vapour  12<>,  of  bromine  vapour  78*4,  of  chlorine  gas  35*4;  hence 
aceording  to  Berzelius  the  atomic  weight  of  oxygen  is  to  those  of  these 
bodiei<  =  IG  :  14  :  126  :  78"4  :  35-4  or  =8:7  :'63  :  392  :  177.  In  tlie 
case  of  fluorine,  whose  specific  gravity  in  tbc  gaseous  state  is  not  yet 
known,  Berzelius  lias  in  the  same  manner,  on  account  of  its  analogy  with 
chlorine,  reduced  tbe  atomic  weight  to  onedialf  of  that  usually  givpu. 

Against  thi^  >t  ninst  be  alleged,  (I)  that  we  are  by  no  means  com- 
pelled to  admit  tbe  above  law,  which  on  the  contrary  is  in  direct  oppo- 
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Mitiuu  to  the  reiults  of  oxpcriments;  and  (2)  tbat  it  obligM  iu  to  adaii 
tlu»  exiriteiici)  of  atoms  ninallcr  than  those  which  ooonr  in  any  knonm 
isoiDpouud;  or  than  is  consistent  with  the  manner  in  which  they  leplaoa 
(•tt<!h  other  in  diiforcnt  compounds, — and  leads  to  the  nae  of  atomie  niUD- 
l>ers  much  hir^>r  than  is  necessary. 

1.  Av.iumiinff  to  the  atomic  theory,  every  gas  consists  of  ponderaUe 
atoms  surrounded  by  sjthcres  of  heat.  If  now  it  be  admitted  that  tikeee 
heai-Mpherf^s  havo  the  same  volume  (external  pressnre  and  temperatora 
beiu^  o(|ual)  in  ail  ponderable  substances,  then  it  will  follow  that  all  gaeef 
must  contain  equal  numbers  of  atoms  in  equal  volumes.  But  that  sneh  a 
NUp|MMiition  is  by  no  moans  ncH^cssary  is  seen  at  once  from  this, — ^that  witk 
roMpoct  t(»  comiK)und  >^um*h  the  law  in  question  is  sometimes  tme^  sone- 
tiiiiON  faltfo.  Thus  1  volume  of  hydrogen  gas  and  one  volume  of  chlotine 
guM  form  2  volumes  of  hydrochloric  acid  gas.  If  now  we  suppose  «  to  be 
thu  uuiiilior  of  atoms  in  each  volume  of  the  simple  gases,  then  by  the 
(Mjucurroiico  of  all  the  iu4lividual  atoms  of  hydrogen  with  all  the  indivi- 
dual atoms  of  chlorine,  there  will  havo  been  formed  x  atoms  of  hydroehlorio 
uci<i,  and  these  fill  up  the  space  of  2  measures :  consequently  the  two 
measures  of  hydrochloric  acid  gas  contain  the  same  number  only  of  atoms 
as  I  measure  of  hydrogen  gas  or  1  measure  of  chlorine  gas :  I  atom  of 
hydroelilorio  acid  must  therefore  be  surrounded  by  a  heat-sphere  twice  as 
largo  as  that  which  surrounds  1  atom  of  chlorine  or  I  atom  of  hydrogen. 
This  Mxaiuple  (many  othcrH  will  afterwards  appear)  shows  that  tne  above 
law  is  not  applicable  to  compound  gases;  indecil  it  was  never  applied  to 
them.  We  see  also  from  the  same  example  that  there  is  no  necessity  for 
lulmitting  that  the  atoms  of  all  simple  substances  in  the  gaseous  state  are 
surrounded  l>y  caloriHc  envelopes  or  heat-spheres  of  the  same  magnitude; 
l)ut  just  as  in  com  pound  bo<hes  these  envelopes  are  of  different  magni- 
tudes Ixiaring  simple  relations  to  one  another,  so  likewise  may  it  be  the 
case  with  simple  substanc^OH ;  and  we  may  therefore  suppose  that  the 
li4^ut-spliures  which  Hurround  an  atom  of  hydrogen,  nitrogen,  iodine, 
bromiue,  or  chlorine  in  the  gaseous  state  are  twice  as  largo  as  those  of 
oxygon,  HO  that  2  measures  of  their  gases  will  contain  just  the  same 
iiumhor  of  atoms  as  1  measure  of  oxygen  gas.  Finally,  that  this  difference 
of  magnitude  in  the  heat-spheres  must  be  admitted  even  with  regard  to 
simple  substances,  and  consequently  that  the  above  law,  with  all  the  con- 
Hequeiic(^s  deduce<l  from  it  roKpecting  the  atomic  numbers,  must  be  aban- 
doned, is  shown  by  the  determination  of  the  qiecifio  gravities  of  mercury 
antl  Hulpliur  vapours.  The  atomic  weight  of  mercury  is  usually  given 
=  101 '4  (oxygen  =  8)  an<l  it  is  assumeil  that  the  red  oxide  contains  1, 
and  tho  grey  ox'ulo  2  atoms  of  metal  combined  with  1  atom  of  oxygen : 
hut  according  to  Dunm^  the  sp.  gr.  of  mercury  vapour  is  a  little  more  than 
6  times  that  of  oxygen  gas :  according  to  this  the  atomic  weight  of  mer- 
cury should  be  =  .507  (oxygen  =  8),  and  the  red  oxide  of  mercury 
shouhl  contain  2  and  the  grey  oxide  4  atoms  of  metal  for  every  atom  of 
oxygen, — which  last  proportion  is  highly  improbable.  Again  the  atomic 
weight  of  sulphur  is  universally  ailmitted  to  be  double  that  of  oxygen  ; 
according  to  the  above  law  then,  the  specific  gravity  of  sulphur-vapour 
should  he  twice  as  great  as  that  of  oxygen  gas ;  but  the  direct  experi- 
ments of  Dumas  and  Mitscherlich  show  that  it  is  6  times  as  great.  It  is 
out  of  the  question  to  suppose,  merely  for  this  reason,  that  the  atomic 
weight  of  sulphur  is  6  times  that  of  oxygen,  viz.  48,  wlien  oxygen  =  8  ; 
the  resulting  proportions  would  be  contrary  to  all  analogy.  On  this 
account,  notwithstanding  the  great  density  of  sulphur  vapour,  the  atomic 
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welglit  of  sulpkur  is  still  universally  aduiitteil  to  bo  double  tliat  of 
oxygen:  but  in  order  to  explain  Ibia  departure  from  the  law,  it  is  assumed 
by  the  adhereuts  of  that  law  that  exceptions  to  it  are  more  likely  to  occur 
in  vapours  than  iu  the  more  porinaneut  gases^  and  that  sulphur  io  the 
stale  of  a  heary  vapour  is  perhaps  in  a  peculiar  isomeric  condition  (for 
the  changes  which  sulphur  undergoes  when  heated  eee  A^norpki^if)  and 
that  if  we  could  convert  it  iuto  vapour  without  bringing  it  into  this 
peculiar  coudition  by  heating,  it  would  prolwibly  yield  a  lighter  vapour. 
To  this  it  may  be  replied  that  the  ditlerence  between  vapours  and  gases  is 
one  not  of  kind  but  only  of  degree,  and  the  law,  if  true,  must  be  equally 
applicable  to  both  ;  moreover  that  if  the  peculiar  iaomeric  condition  of 
sulphur  in  the  state  of  vapour  be  admitted,  we  may  expect  that  oxygen 
in  the  gtate  of  gas  will  be  in  a  similar  isomeric  condition^  and  will  there- 
fore yield  a  gas  twice  as  much  condensed  as  that  obtained  from  the 
freater  number  of  elementary  bodies.  In  short,  the  same  unknown  caused 
y  virtue  of  which  1  volume  of  sulphur  vapour  contains  6  times  and  1 
vol  unto  of  hydrochloric  acid  gaa  only  half  aa  many  atoms  as  )  volume  of 
hydrogen  gas^  nitrogen  gBLB,  &c.,  may  ako  effect  that  1  volume  of  oxygen 
gas  contains  twice  as  many  atoms^ 

S.  There  la  no  compound  containing  but  oue  atom  of  hydrogen,  nitro- 
gen,  &c.,  as  amall  as  that  adopted  hy  Bcrzeliua;  neither  does  auy  known 
compound  contain  3,  5,  7,  &c.,  but  always  2,  4,  6,  8,  &c.  of  such  atoms. 
This  makes  the  existence  of  such  small  atoms  improbable  and  their 
adoption  superfluous  and  troublesome.  According  to  BeraeliuSj  if  the 
atomic  weight  of  oxygen  ^  8,  that  of  hydrogen  must  ^  ^-»  of  nitrogen 
=:  7,  of  iodine  :=  SB,  of  bromine  =  39"2,  of  chlorine  =.  17 '7,  and  of 
fluorine  -^  0*37.  But  3S)'2  potassium  which  unite  with  H  oxygen,  also 
nuito  with  2.  63  iodine,  2.  3i>'2  bromine,  2.  17 "7  cldorine,  and  2,  i^37 
lluorino.  Hence  2  atoms  of  these  bodies  are  required  to  replace  1  atona 
uf  oxygen  in  combination  with  potassium  ;  or  2  atoms  of  these  bodies  are 
the  (i/uii^aleni  of  I  atom  of  oxygen.  If  the  atoms  he  supposed  twice  aa 
great,  the  idea  of  an  atom  will  coincide  with  that  of  an  equivaleot,  and 
all  confusion  will  be  avoided.  According  to  Berzeliua's  view,  however, 
theee  terms  mu**t  often  be  distingniahed  one  from  the  other.  These  con- 
siderations have  led  Berzelius  to  introduca  the  notion  of  douhh  (Uonis, 
A  double  atom  of  hydrogen,  nitrogen,  iodine,  bromine,  chlorine,  and 
lluorino  corresponds  iu  his  system  to  a  ftlugle  atom  of  those  bodies  as 
they  are  considered  in  this  work. 

[For  the  reasons  favourable  to  Berzelius's  view  founded  on  the  specific 
heats  of  the  elementary  bodies,  see  the  chapter  on  Heat.] 

In  the  determination  of  atomic  weights,  the  following  principles  are 
highly  useful  as  guides  : 

1.  Let  it  bo  granted  that  heterogeneoud  substances  combine  in  the 
simplest  possible  numerical  proportions,  and  let  their  weights  be  deter- 
mined accordingly.^ — Thus,  h^^drogen  being  assumed  ^  1,  and  therefore 
oxygen  =r  8,  the  most  suitable  number  that  can  be  given  to  sulphur  is  16  : 
for  J  At.  sulphur  will  then  combine  with  1  At.  hydrogen  to  form  sul- 
phuretted hydrogen,  with  1  At.  oxygen  to  form  hypos ulphuro us  acid, 
with  2  atoms  to  form  sulphurous,  and  with  3  to  form  Bulphurie  acid,  ^c. 
If  the  atomic  weight  of  sulphur  were  ma<le  =■  4B  according  to  the  specific 
gravity  of  its  vapour,  then,  instead  of  the  preceding  relations,  we  should, 
tiavo  1  At.  sulphur  combined  with  3  hydrogen,  and  1  At.  sulphur  with  3 
%  and  D  oxygen. 

3.  Lot  no  atomic  weights  be  admitted   smaller   than   those  which 
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actually  occnr  in  combinations.  This  principle  is  introduced  with  espe- 
cial Fc^rence  to  the  atomic  weielits  of  h jdrogen^  nitrogen,  iodine,  bromine, 
chlorine,  and  fluorine,  adopted  by  Borxelins,  but  it  is  likewise  of  nee  with 
regard  to  phosphorus,  arsenic,  and  antimony. 

3.  As  a  general  rule,  the  total  weight  of  the  atoms  composing  an  acid 
must  be  of  sucb  amount  that  the  compound  atom  may  just  suffice  for 
the  saturation  of  one  atom  of  a  salifiable  base. — Thus,  16  solphnr  and 
3.8  oxygen  form  40  sulphuric  acid,  and  103*8  lead  with  8  oxygen  form 
111*8  oxide  of  lead:  now  40  sulphuric  acid  just  satisfy  111-8  oxide 
of  load.  If  sulphur,  on  account  of  the  specific  grayity  of  its  yapooTy 
were  nmde  =  48,  these  48  parts  of  sulphur  with  72  of  oxygen  would 
form  120  sulphuric  acid,  and  these  would  saturate  3.111*8  parts,  there- 
fore 3  atoms  of  oxide  of  lead.  To  this  rule  there  are,  howeyer,  certain 
unmistakable  exceptions,  which  render  it  necessary  to  admit,  not  only 
mofiobcuic  acids,  1  atom  of  which  saturates  1  atom  of  a  base,  but  also 
bibasic,  tribasic,  and  perhaps  eyen  quartobasic  and  quintolMtsic  acids,  I 
atom  of  which  saturates  2,  3,  or  more  atoms  of  a  base. 

4.  When  a  metal  combines  with  oxygen  in  one  proportion  only,  to 
form  a  salifiable  base,  it  is  assumed,  supposing  that  the  laws  of  Isomor- 
phism do  not  oppose  the  assumption,  that  the  compound  contains  equal 
numl>ers  of  atoms  of  the  metal  and  of  oxygen. — Potash  contains  1  At 
potosnium  combined  with  1  At.  oxygen :  yellow  oxide  of  lead,  1  At 
load  with  1  At.  oxygon.  When  a  metal  forms  a  number  of  salifiable 
baMA  with  diflerent  proportions  of  oxygen,  the  oxide  which  forms  the 
strongest  base  is  to  be  regarded  as  containing  the  metal  and  oxygen  in 
equal  numbers  of  atoms.  The  protoxide  of  iron  is  a  stronger  base  than 
the  fieroxidc.  Now  since  in  the  former,  8  parts  of  oxygen  are  combined 
with  27 '2  of  iron,  tho  atomic  weight  of  iron,  on  the  supposition  that  this 
oxido  roiitainH  o(|ua]  nuniborH  of  atoms  of  the  metal  and  oxygen,  =  27*2: 
in  tlio  j»eroxido  2.  27*2  iron  are  combined  with  3 .  8  oxygen,  or  2  At.  iron 
with  3  At.  oxygon.  If  tho  jwiroxidc  were  supposed  to  contain  equal 
nunilK)rs  of  atoms  of  iron  and  oxygon,  tho  atomic  weight  of  iron  would 
bo  181,  and  the  protoxide  would  contain  3  At.  iron  with  2  At.  oxygen. 
Again,  tlie  re<l  oxide  of  mercury  is  a  stronger  base  than  the  grey  oxide. 
In  tJio  red  oxide,  8  parts  of  oxygen  are  combined  with  101*4  of  mercury; 
in  tlin  grey  oxi<le,  8  oxygon  with  202*8  mercury.  Accordingly  the 
atomic  weiglit  of  mercury  must  bo  estimated  at  101*4,  the  red  oxide 
containing  1  At.  mercury,  and  tho  grey  oxide  2  At.  mercury  combined 
with  I  At.  oxygon.  Tlie  case  is  precisely  similar  with  the  black  and  red 
(IX ides  of  copjwr,  excepting  that  tho  atomic  weight  of  copper  is  of  dif- 
foront  amount,  viz.,  =  31*8.  Willi  tlic  two  oxides  of  tin  the  case  is 
reversed,  tho  lowor  oxide  (5J)  tin  -f  8  oxygen)  being  the  stronger,  and  the 
higher  oxide  (5f)  tin  4-  1<>  oxygen)  the  weaker  base. 

/>.  It  is  MuppoHcd  that  subsUmces  which  closely  resemble  one  another 
in  physical  and  choniical  properties,  combine  with  a  third  body,  according 
to  the  Nuine  number  of  atoms.  If  nickel  combines  with  oxygen  in  the 
proportion  of  1  :  1  and  2  :  3  At,  this  must  also  be  the  case  with  cobalt, 
which  brarH  ho  very  closely  an  analogy  to  nickel. 

0.  Isomorphism  (y.  v.)  is  of  the  greatest  importance  in  the  determina- 
tion of  atomic  constitution  and  atomic  weights.  If  in  a  crystallized 
conijiound  ono  flubstance  can  be  replaced  by  another  analogous  substance, 
without  alteration  of  crystalline  form,  it  is  to  be  supposed  that  this  sub- 
stitution takes  place  according  to  equal  numbers  of  atoms.  If  then  there 
be  two  compounds  of  the  same  crystalline  form,  and  containing  in  all 
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respects  the  same  elommita,  according  to  the  snmo  muiibcrs  of  atom??, 
excejitJDn^  tijat  oiio  coiitaiiia  the  stibstance  A,  tho  other  the  substance  B, 
and  thcro  arc  grounds  for  buppoaing  that  tlic  former  contaiiia  1  At.  A,  or 
2  At,  A,  kc;  than  also  most  it  beadtniLted  that  tho  otlier  compound  con- 
tains 1  At  B,  or  2  At.  Bj  &c.  Tliero  hdng  but  one  compound  of  aluminum 
and  oxyju^cn,  viz,,  alumina,  this  compound  might  be  snppo&cd  to  contain  I 
At*  metal  +  1  At,  ox jgcn ;  but  alumina  cryetallizcii  in  tapphire  lu  acute 
rhondiuhedrons,  just  like  those  of  peroxide  of  iron  in  specular  iron  ore  and 
of  artificially  prepared  oxide  of  chromiunu  These  last  mentioned  oxides 
co?nbined  with  sulpliuric  acid,  potash,  and  water  also  form  rcgnlar  octolie- 
dron^,  just  as  alumina  does  in  common  alum;  all  these  salts  contain  4  At. 
sulphuric  acid,  1  At,  potash,  and  24  At,  water.  A  luminals  then  isomor- 
phous  with  these  oxiiles,  and  must  therefore  be  made  up  of  the  same 
uumWr  of  atoms.  Since  then,  according  to  Principle  4,  peroxide  of  iron 
IS  supposed  to  contain  2  At,  metal  +  3  At.  oxygen,  the  same  must  like* 
vriso  be  the  ease  with  alumina.  Now  100  parts  of  alumina  contain  53  31 
aluminum  and  4G'6i>  oxygen;  and  4C'60  :  53 '31  =  24  :  27'4;  hence  with 
24  (3  At*)  oxygen  there  are  combined  27 "4  (2  At.)  aluminum;  and  1  At, 
aluminum  =  137.  Again,  fteroxide  of  tin  in  tin-stone  crystftlli^c«  in  the 
same  form  as  oxide  of  titanium  in  rutile;  and  since,  according  to  Prin- 
ciple 4,  it  waa  assumed  as  probable  that  peroxide  of  tin  contains  1  At. 
tin  with  2  At.  oxygen,  this  relation  must  also  be  supposed  to  hold  good 
with  regard  to  oxide  of  titanium.  Black  oxide  of  copper  forms  com- 
pounds isomorphous  with  the  analogous  compounds  of  magnesia,  oxide  of 
zinc,  and  proti>xide  of  iron,  all  of  which  are  supposed  to  contain  1  At. 
metal  with  1  At.  oxygen;  such  then  must  also  be  the  case  with  the  black 
oxide  of  copper,  a  conclusion  agreeing  with  that  arrived  at  in  4.  Farther 
development  of  these  relations  will  be  found  under  the  head  of  Isojnor- 
phimn. 

For  the  determination  of  the  atomic  weights  of  simple  euhstances  from 
their  specific  heats,  vid.  Heat. 

The  following  table  of  the  atomic  weights  of  the  elementary  bodies  is 
founded  almost  wholly  on  the  analyses  of  their  compounds  performed  by 
Berzelias,  a  labour  as  ditiicnlt  as  it  was  extensive,  by  which  Berzeliua  has 
conferred  an  everlasting  obligation  on  chemical  .science. 

Column  A  contains  the  names  of  the  .'dimple  substances;  B  the 
j?3rmbols  introduced  by  Beraelins  to  denote  them;  C  and  D  the  atomic 
weights,  those,  namely,  which  niont  probably  iielong  to  the  several  bodies 
according  to  the  principles  jti.st  devebtped  ;  column  C,  in  which  the  atomic 
weight  of  hydrogen  =  1  is  that  which  will  he  used  in  preference  in  this 
work;  in  D  the  atomic  weight  of  oxygen  =  100,  The  colunmir^  E  and  F 
contain  the  atomic  weights  according  to  Berzellus;  in  E  tho  atomic  weight 
of  hydrogen  is  assumed  =  0  5,  that  of  a  double  atom  of  hydrogen  =  1; 
in  F  the  atomic  weight  of  oxygen  is  put  =  100.  The  numbers  of  this 
last  column  are  those  which  are  adopted  liy  the  m«jority  of  chemists  after 
the  example  of  Berzclins.  The  atomic  weights  of  lanthanum  and  cerium 
are  given  according  to  tho  approximate  determination  of  F.  J.  Otto» 
(Graham,  Lchrh.  1,  222,) 
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occurs  more  frcqiientlj,  and  in  greater  numbers  of  atoms  tlian  oxygen, 

00  that  it  makes  a  very  great  di  fere  nee  in  the  calculation  whether  this 
inbstancc  is  denoted  by  1  or  by  12  50. 

1  be  atomic  weight  of  one  bculy  being  arbitrarily  fixed^  e,^.,  ihoA  ei 
hydrogen  =  1,  tlie  atomic  weights  of  other  bodies  are  found  as  follows: 
lOOpisrtfi  of  water  cnntain,  according  to  ex|ieriment,  11*111  hydrogen 
and  88*88r^  oxygen.  If  now  it  be  assumed  a«  mo^t  probable  that  in  water 
every  atom  of  hydrogen  is  in  combination  with  1  atom  of  oxygen,  then 
the    weight   of  "l    At.  hydrogen  must  be  to  that  of  1   At.    oxygen  = 

1  ri  1 1  :  88*889  =  1:8,  If  100  grains  of  water  contain  x  atoms  of  hy- 
drogen, and  therefore  (accord bjg  to  the  hypothesis  that  in  water  every 
1  At.  hydrogen  is  com  hi  Tied  with  I  At.  oxygen)  also  ir  At.  oxygen,  then 
X  At.  bydrogeu  must  weigh  11  111  grains,  and  jr  At.  oxygen  88^889 
grains:  If  then  the  weight  of  a*  At.  hydrogen  is  to  tliat  of  r  At.  oxygen 
-=  iriU  ;  88*880,  then  lilvcwlse  the  weight  of  1  At,  hydrogen  must  be 
to  that  of  I  At.  oxygen  =  IMH  :  88*889  =  1:8.  100  parts  of  sul- 
phuretted hydrogen  contain  5'*j  parts?  of  hydrogen  and  94*1  parts  of  sul- 
phur: if  now  we  assume  that  t!iis  compound  contains  equal  numbers  of 
atoms  of  hydrogen  and  sulphur,  wo  have  the  pr<»ponioi},  5*0  :  94-1  == 
1  :  IS,  or  tlie  atomic  weight  of  .sulphur  i«  10  if  that  of  hydrogen  be 
assumed  =  1.  Further,  on  examining  the  relation  of  **ulphur  to  oxygen 
we  iind  that  100  parts  of  sulphurous  ticid  contain  TjO  of  sulphur  and  50 
of  oxygen;  and  100  parts  of  sulphuric  acid,  40  sulphur  and  60  oxygen. 
Now  50  :  50  =  It* :  16,  and  40  :  60  =  IG  :  24;  and  since  the  atomic 
weight  of  sulphur  is  16,  that  of  oxygen  8,  we  may  coucludo  that  in 
BulphurouH  acid  1  At.  sulphur  =  16  is  combined  witfi  2  At.  oxygen  ^= 
16,  and  in  sulphuric  acid  with  3  At.  oxygen  ^  24.  Since  carbonic 
oxide  contniu.H  6  pnrts  of  carbon  combined  with  8  oxygen^  and  carbonic 
acid  6  carbon  with  16  oxygen,  we  estimate  the  atom  of  carbon  at  6,  and 
suppose  that  in  carbonic  oxide  it  is  combined  with  1,  and  in  carbonic 
acid  with  2  atoms  of  oxygen,  Sulphuret  of  carbon  contains  6  parts  td 
carbon  united  with  32  sulphur;  therefore  1  At.  carbon  with  2  At.  sul- 
phur, Siuiilnrly  the  atomic  weight  of  nitrogen  is  estimated  at  14, 
because  14  jiarts  of  nitrogen  combine  with  8,  16,  24,  32,  and  40  part^ 
oxygen;  coupequently  1  At.  nitrogen,  with  1,  2,  3,  4^  and  5  At.  oxygen. 
In  ammonia  14  parts  of  nitrogen  arc  combined  with  3  of  hydrogen,  there- 
fore 1  At.  nitrogen  with  3  At.  hydrogen.     Since  in  yelJow  oxide  of  lead 

i massicot)  !03-8  lead  are  combined  with  oxygen,  the  atomic  weight  of 
ead  may  bo  estimated  at  10t3'8;  according  to  this,  galena,  which  is  com- 
posed of  lead  and  sulphur  in  the  proportion  of  103*8  :  16,  must  be 
regarded  as  containing  equal  numbers  of  atomw  of  its  elements.  Thus 
then,  the  atomic  weight  of  hydrogen  being  ast^umcd  =  1,  the  following 
atomic  weights  have  been  deterT?iined:  oxygen  8,  sulphur  16,  carbon  6, 
nitrogen  14,  lead  103'8;  and  in  a  precisely  similar  manner  the  atomic 
weights  of  the  other  elements  are  calculated. 

It,  on  the  other  band,  the  atomic  weight  of  oxygen  be  assumed 
=  100,  the  numbers  just  found  will  be  altered  as  follows:  since  8:1:: 
100  :  12*5.  the  atomic  weight  of  hydrogen,  which  was  1  in  the  former 
system,  will  in  the  present  be  12*5,  Similarly  we  shall  find  that  the 
atomic  weight  of  sulphur  is  (8  :  16  =  100  :  Jr)  =  200:  of  carbon  (8:6  = 
100  :  x)  =  75:  of  nitrogen  (8  : 1 4  —  100  :  ,r)  =  175;  and  of  lead  (8  :  103^8 
=  100:  a*)  =  1297*5,  Generally,  the  atomic  weight*s  obtained  by  m- 
eumiug  that  of  hydrogen  r=  1  inu.^t  be  multiplied  by  100  and  divided  by 
8j  in   order  to  find  the  corresponding  atomic  weights  on  the  supposi* 
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tion  of  1  At.  oxygen  =  100:  conversely,  the  latter  ataniic  weights  are 
redaced  to  tlie  former  by  multiplying  by  8  and  Jividiiijy:  hy  lOO*  How- 
ever the  atomic  weights  ohtaiiuni  on  the  latter  Hupposition  may  differ 
from  those  resulting  from  the  former,  it  is  evident  tliat  the  ratio  of  the 
numbers  remains  the  samej  and,  since  all  the  magnoitudes  arc  relative, 
this  difference  of  tlie  atomic  weight  is  only  apparent. 

Another  lass  obvious  cause  of  diilerenee  in  the  determination  of 
atomic  weights  ia  as  follows.  J  mi  as  the  atomic  theory  itself  rests  only 
on  a  probable  hypothesis,  so  likewise  the  assumption  that  certain  com- 
pounds contain  equal,  others  une<|ual  numbers  of  heterogeneous  atoms 
must  Ije  regarded  as  merely  probable.  For  example  it  cannot  be  prove<i 
that  in  water  every  atom  of  hydrogen  is  united  with  exactly  one  atom  of 
oxygen  ;  there  may  ho  2  or  more  atoms  of  hydrogen  combined  with  each 
atom  of  oxygen,  or  one  atom  of  liydrogen  with  2  or  more  atoma  of 
oxygen— and  similarly  with  regard  to  nil  other  compounds.  The  hypo- 
theajs  of  Davy,  Wollaston,  and  W.  Henry,  that  water  contains  equal 
numbers  of  atoms  of  oxygen  and  hydrogen  has  been  assumed  above  aa 
the  more  probable;  but  the  majority  of  chemists  agree  with  Berzelins  in 
supposing  that  it  contains  2  atoms  of  hydrogen  for  each  atom  of  oxygen. 
On  this  supposition  1  At.  oxygen  will  be  not  8  but  16  times  as  heavy 
as  1  At.  hydrogen,  so  that  if  tlie  atomic  weight  of  hydrogen  =  1,  that 
of  oxygen  =  10;  and  if  the  atomic  weight  of  oxygen  =  100,  that  of 
hydrogen  =  G-25:  for  according  to  this  view,  1  At.  oxygen  =  1<3  com- 
bines with  2  At  hydrogen  =  2.1  =2;  or  1  At,  oxygen  100  combines 
with  2  At.  hydrogen  i^  2.6*25  =  12'5.  This  view  rests  chiefly  on  the 
law  laid  down  by  Berzelius,  viz.  that  nmph  substances  in  tJi£  gaseous  ^taie 
cantain  equal  numhet^s  of  atoms  in  equal  rolumes.  Since  then  in  the  for- 
mation of  water  2  volumes  of  hydrogen  combine  with  1  volume  of  oxygen, 
and  since  according  to  the  law  just  stated,  2  vol,  hydrogen  contain  twice 
as  many  atoms  as  1  vol.  oxygen,  it  follows  tliat  in  water  every  2  At. 
hydrogen  must  he  combined  with  1  At.  oxygen.  If  1  cubic  inch  of 
hyilrogen  gas  contains  x  At.  hyilrogen,  then  according  to  this  law,  1  cub. 
in.  oxygen  gaj?  will  contain  a'  At.  uxygen;  according  to  this,  the  atomio 
weights  of  the  2  Ifodies  will  be  to  one  another  as  tlie  speciJic  gravities  of 
the  gases;  for  between  ^  atoms  of  the  two  gaseous  bodies  there  must  exist 
the  same  proportion  by  weight  as  between  1  atom  of  each  of  them.  The 
specific  gravity  of  oxygen  gas  is  16  times  as  great  as  that  of  hydrogen, 
and  therefore,  according  to  this  view,  the  atomic  weight  of  oxygen  must 
he  16  times  as  great  as  that  of  hydrogen;  and  in  water  1  At.  oxygen 
t^  16  is  combined  with  2  At.  hydrogen  =  2.1  =  2;  or  1  At.  oxygen 
=  8  with  2  At,  hydrogen  =:  2.  |  =  1  if  the  atom  of  oxygen  be  repre- 
sentcfi  by  8  and  that  of  hydrogen  by  4* 

In  {iccordance  with  this  law,  Berxeliua  reckons  the  atomic  wcighta 
of  nitrogen,  iodine,  bromine,  chlorine  and  fluorine  at  only  half  the  valae 
which  fnmi  other  considerations  they  appear  lo  have.  If  the  specific 
gravity  of  hydrogen  gas  ^  1,  that  of  oxygen  is  10,  of  nitrogen  14,  of 
iodine-vapour  120,  of  bromine  vapour  78*4,  of  chlorine  gas  35*4;  hence 
according  to  Berzelins  tl»e  atomic  weight  of  oxvgen  is  to  those  of  these 
bodies  =  IC  :  14  :  12G  1  78-4  :  35'4  or  —8:7  ^63  :  39*2  :  17^  In  the 
case  of  fluorine,  whnc*c  specific  gravity  in  the  gaseous  state  is  not  yet 
known,  Berzelins  has*  in  the  sjune  manner,  on  account  of  its  analogy  with 
chlorine,  reduced  the  atomic  weight  to  ouedialf  of  that  usually  given. 

Against  this  it  must  be  alleged,  (1)  that  we  are  by  no  means  com- 
pelled to  admit  the  above  law,  which  on  the  contrary  h  in  direct  up^Mi^ 
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occurs  more  frequently,  and  in  greater  nunibcr?  of  atoms  tlian  oxygen, 
so  that  it  makes  a  very  great  JitFerence  in  tlie  calculation  whether  this 
eubatance  i*'  denoted  by  1  or  by  12  50. 

The  atomic  weight  of  one  body  being  arbitrarily  fixctd,  e.ff.^  that  of 
hydrogen  ^=  1,  the  atomic  weights  of  other  bodies  are  found  as  follows: 
U>0  parts  of  water  contain,  according  to  experiment,  IlHl  hydrogen 
and  B8*88i)  oxygen.  If  now  it  be  assumed  a^  most  probahlc  that  in  water 
every  atom  of  hydrogen  is  in  combination  with  ]  atom  of  oxygen,  then 
the  weight  of  1  At.  hydrogen  most  be  to  that  of  1  At.  oxygen  = 
1 1  ■!  1 1  :  88*889  =1:8.  If  100  grains  of  water  contain  x  atom.^  of  hy- 
drogen, and  therefore  (according  to  the  hypothesis  that  in  water  every 
1  At.  hydrogen  is  combined  with  I  At.  oxygen)  also  :r  At  oxygen,  then 
X  At,  hydrogen  mu'^t  weigh  II  111  grains,  and  x  At.  oxygen  88*889 
grains:  if  then  the  weight  <^i  x  At.  hydrogen  is  to  that  of  x  At,  oxygen 
=  11 '111  :  88^889,  then  likewise  the  weight  of  1  At,  hydrogen  mnst  be 
to  that  of  1  At.  oxygen  =  IMll  r  88-88f)  =  1:8.  100  j>art.9  of  sul- 
ph  11  retted  hydrogen  contain  5'i)  parts  of  hydrogen  and  J>4'1  parts  of  sol- 
phnr:  if  now  we  a^^.sunio  that  this  compound  contains  equal  numbers  of 
atomij  of  hydrogen  and  snlphnr,  we  have  the  proportion,  5*0  :  94'1  = 
I  :  16,  or  the  atomic  weight  of  .sulphur  i«  1(5  if  that  of  hydrogen  be 
ass<uraed  =  1.  Further*  on  examining  the  relation  of  fiulphitr  to  oxygen 
we  find  that  100  parts  of  salphitrous  acid  contain  50  of  sulphur  and  50 
of  oxygen;  and  100  parts  of  sulphuric  acid,  40  sulphur  and  60  oxygen. 
Now  50  :  50  =  16  :  16,  and  40  :  60  —  IG  :  24;  and  since  the  atomic 
weight  of  sulphnr  is  16,  that  of  oxygen  8,  we  may  conclude  that  in 
fenlphuroiis  aeid  1  At.  sulpliur  ss  16  le  combined  with  2  At.  oxygen  == 
16,  and  in  snlphurie  acid  with  3  At>  oxygen  —  24.  Since  carbonic 
oxide  contains  6  part^  of  carbon  combined  with  8  oxygen,  and  carbonic 
acid  6  carbon  with  16  oxygen,  we  estimate  the  atom  of  carbon  at  6,  and 
*<uppot:e  that  in  carbonic  oxido  it  is  combined  with  1,  and  in  carbonic 
acid  with  2  atoms  of  oxygen.  Sulphiiret  of  carbon  contains  6  parts  of 
carbon  united  with  32  sulphur;  therefore  1  At,  carbon  with  2  At.  sul- 
phur. Similarly  the  atomic  weight  of  nitrogen  is  estimated  at  H, 
because  14  parts  of  nitrogen  combine  w^ith  8,  16,  24,  32,  and  40  parts 
oxygen:  conse(|nently  1  At.  nitrogen,  with  1,  2,  3,  4,  and  5  At.  oxygen* 
In  ammonia  14  parts:  of  nitrogen  are  combined  with  3  of  hydrogen,  there- 
fore 1  At.  nitrogen  w^ith  3  At,  hydrogen.  Since  in  yellow  oxide  of  lead 
(massicot)  103  8  lead  arc  combined  with  oxygen,  the  atomic  weight  of 
lead  may  Im3  estimated  at  103" 8;  according  to  this,  galena,  which  is  com- 
posed of  lead  and  sulphur  in  the  pro])ortion  of  103'8:16,  must  bo 
regarded  as  containing  erjual  numbers  of  atoms  of  its  elements.  Thus 
then,  the  atomic  weight  of  hydrogen  being  ast^nmcd  ^  1^  the  following 
atomic  weights  have  been  determined:  oxygen  8,  sulphnr  16,  carbon  6, 
nitrogen  14,  lead  103'8;  and  in  a  precisely  similar  manner  the  atomic 
weights  of  the  other  elements  are  calculated. 

If,  on  the  other  hand,  the  atomic  weight  of  oxygen  be  assumed 
=  100,  the  numbers  just  found  will  be  altered  u.h  follows:  since  8:1:: 
100  :  12 "5,  the  atomic  weight  of  hydrogen,  which  was  1  in  the  former 
system,  will  in  the  present  he  12'5.  Similarly  we  shall  find  that  the 
atomic  weight  of  sulphur  is  (8  :  16  ^  100  :  jr)  ^  200:  of  carbon  (8  :  6  = 
100  :  jr)  ^  75:  of  nitrogen  (8  :  14  =  100  :  a:)  —  175;  and  of  lead  {8  :  103'8 
=  100  :;r)  ^  1297  5.  Generally,  tlio  atomic  weights  obtained  by  its- 
euming  that  of  hydrogen  =  1  mu.^l  be  multiplied  by  100  and  divided  by 
8,  in  order  to  find  the  corresponding  atomic  weights  on  the  supposN 
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tion  of  1  At.  oxygon  =^100:  conversely^  the  latter  utomic  weiglits  are 
reduceil  to  the  former  by  multiplyiug  liy  8  aiicl  Uividtn^  hy  100,  How- 
ever tlio  atomic  weiiflits  oljtained  on  the  latter  supposition  may  clifTer 
from  those  resultmg  from  the  former,  it  ia  evident  that  the  ratio  of  the 
numbers  remains  the  same,  and,  since  all  the  magnitudes  are  relative, 
this  ditlerence  of  the  atomic  weight  is  only  apparent. 

Another  less  obvious  cause  of  difference  in  the  determination  of 
atomic  weights  is  as  follows.  J  net  as  the  atomic  theory  itself  rest^  only 
on  a  probable  hypothesis,  so  likewise  the  assumption  that  certain  com- 
pounds contain  eqoal,  others  unequal  numberi^  of  lietcrogeneoaa  atoms 
must  be  regarded  as  merely  probable.  For  example  it  cannot  bo  proved 
that  in  water  eveTj  atom  of  hydrogen  is  united  with  exactly  one  atom  of 
oxygen;  there  may  be  2  or  more  atoms  of  liydrogen  combined  with  each 
atom  of  oxygen,  or  one  atom  of  liydrogen  with  2  or  more  atoms  of 
oxygen — and  similiirly  with  regard  to  all  other  compounds.  The  hypo- 
thesia  of  Davy,  WoUaston,  and  W.  HenrVt  that  water  contains  equal 
numbers  of  atoms  of  oxygen  and  hydrogen  h^is  been  a^ssnmcd  above  aa 
the  more  probable:  but  the  majority  of  chemists  agree  with  Berzelius  in 
supposing  that  it  contains  2  atoms  of  hydrogen  for  each  atom  of  oxygen. 
On  this  supposition  1  At.  oxygen  will  be  not  8  but  16  times  aa  heavy 
as  1  At.  hydrogen,  so  that  if  the  atomic  weight  of  hydrogen  =i  1,  that 
of  oxygen  ^  ICj  and  if  the  atomic  weight  of  oxygen  —  100,  that  of 
hydrogen  ^  6'25:  for  according  to  this  view,  I  At.  oxygen  =^16  com- 
bines with  2  At  hydrogen  —  2. t  =  2;  or  1  At.  oxygen  100  combines 
with  2  At.  hydrogen  ^^  2,6'23  ==  12'5,  This  view  rests  chiefly  on  the 
law  laid  dow^n  by  Berzelius,  viz.  that  stimpk  subslances  in  tJi^  gaseous  state 
contain  fqual  nitmhers  of  atojn^  in  tqiml  pohtmts.  Since  then  in  the  for- 
mation of  water  2  volumes  of  hydrogen  combine  with  1  volume  of  oxygen, 
and  since  according  to  the  law  just  stated,  2  vol  hydrogen  contain  twice 
ikj  many  atoms  ay  1  vol.  oxygen,  it  follows  that  in  water  every  2  At. 
hydrogen  must  be  combined  with  1  At,  oxygen.  If  1  cubic  inch  of 
hydrogen  g&s  contain.^  x  At.  hydrogen,  then  according  to  this  law,  1  cub. 
in.  oxygen  gas  will  contain  j;  At.  oxygen;  according  to  this,  the  atomic 
weights  of  the  2  bodies  will  be  to  one  another  as  the  specific  gravities  of 
the  gasea;  for  between  a*  atoms  of  the  two  ga^eoui?!  bodies  there  must  exist 
the  same  proportion  by  w^eight  as  between  1  atom  of  eacli  of  them.  The 
specific  gravity  of  oxygen  gas  is  16  times  aa  great  as  that  of  hydrogen, 
and  therefore,  according  to  this  view,  the  atomic  weight  of  oxygen  must 
be  16  times  as  great  as  that  of  hydrogen;  and  in  water  1  At.  oxygen 
=  16  is  combined  with  2  At.  hydrogen  =  2. 1  =  2 ;  or  1  At.  oxygen 
=  8  with  2  At-  liydrogen  =^  2.  |-  =  1  if  the  atom  of  oxygen  be  repre- 
seated  hy  8  and  tbat  of  hydrogen  by  |, 

In  accordance  with  this  law,  Berzelius  reckons  the  atomic  weights 

of  nitrogen,  iodine,  bromine,  chlorine  auil  fluorine  at  only  half  the  value 

which  from  other  coneiderations  they  appear  to  have.     If  the  specific 

gravity  of  hydrogen  gas  =  1,  that  of  oxygen  is  1<>,  of  nitrogen  14^  of 

,  lodiue-vapour  126,  of  bromine  vapour  78*4,  of  chlorine  gas  35*4;  hence 

1  according  to  Berzelius  the  atomic  weight  of  oxygen  is  to  those  of  theae 

[bodies  —  10  :  14  :  12C  :  78*4  :  35*4  or  =8:7  :G3  :  39'2  ;  177.     In  the 

f  ca^o  of  fluorine,  whose  specific  gravity  in  the  gaseous  state  is  not  yet 

known,  Berzelius  has  in  tbe  same  manner,  on  account  of  its  analogy  with 

chlorine,  reduced  the  atomic  weiglit  to  onedialf  of  that  usually  given. 

Against  lhi.s  it  must  be  alleged,  {1)  that  we  •are  by  no  means  com- 
pelled to  admit  the  above  law^  which  on  the  contrary  'm  in  direct  oppo- 
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fiUiou  to  the  rosults  of  experiments;  and  (2)  tbat  it  obliges  ns  to  admit 
tli9  exijstenct?  of  atoms  amalier  than  tho«e  which  occur  in  any  known 
oompound,  or  than  is  consistent  with  the  manner  in  which  they  replace 
each  other  in  different  compound^^ — ^and  leads  to  the  use  of  atomic  num- 
bers much  lar^r  than  is  necessary. 

1,  According  to  the  atomic  theory,  every  gas  conaists  of  ponderable 
atoms  surrounded  by  spheres  of  heat.  If  now  it  be  admitted  that  these 
heatr-splitirL-.s  have  the  same  volume  (external  pressure  and  temperatare 
being  equal)  in  all  poodemble  subatancee,  then  it  will  follow  that  all  gmam 
must  contain  equal  nambeira  of  atom«  in  equal  volumes.  But  that  sueb  a 
8up|>oeition  is  by  no  meiiiiB  niaceaeary  is  seen  at  once  from  this, — that  wiib 
respect  to  coTnponnd  gaaea  the  law  in  queittion  is  sometimes  true,  soitie- 
timefi  falee.  Thus  I  volume  of  hydrogen  ji^  and  one  volume  of  chlorine 
gas  form  2  volumes  of  hydrocldonc  acid  pis.  If  now  we  suppose  x  to  be 
the  number  of  atoms  in  each  volume  of  the  .simple  gases,  then  by  the 
concurrence  of  all  the  individual  atoms  of  hydrogen  with  all  the  indivi- 
dual atoms  of  chlof  iae,  there  will  have  been  formed  x  atoms  of  hydrochloric 
aoidj  and  these  fill  up  the  space  of  2  raeasfures :  consequently  the  two 
mcadures  of  hydrochloric  acid  gap  contain  the  same  numJjer  only  of  atoma 
as  1  measure  of  hydrogen  gas  or  I  measure  of  chlorine  g&s :  \  atom  of 
hjdrochlorio  acid  must  therefore  be  surrounded  V*y  a  heat-sphere  twice  as 
large  as  that  which  surrounds  1  atom  of  chlorine  or  1  atom  of  hydrogeii. 
This  example  (many  others  will  afterwardK  appear)  shows  that  the  above 
law  is  not  applicable  to  compound  ga>ses ;  indeed  it  was  never  applied  to 
them.  We  see  aUo  frum  the  same  example  that  there  is  no  nece^ity  for 
admitltng  that  the  atoms  of  alt  simple  suh^lances  in  the  gaseous  state  are 
surrounded  by  calorific  envelopes  or  heiit-spheres  of  the  same  magnitude; 
but  just  as  in  compound  bodies  these  envelopea  are  of  different  magni- 
tudes bearing  simple  relations  to  one  another,  so  likewiae  may  it  be  the 
case  with  simple  substances;  and  we  may  therefore  suppose  that  the  M 
heat-spheres  which  surround  an  atom  of  hydrogen,  nitrogen,  iodine,  H 
hromine,  or  chlorine  in  the  gasef»us  state  are  twice  as  large  as  those  of 
oxygen,  so  that  2  measures  of  their  gases  will  contain  jnai  the  same 
number  of  atoms  as  1  measure  of  oxygen  gas.  Finally,  that  this  diffef^enoe 
of  magnitude  in  the  heat-spheres  must  6©  admitted  even  with  regard  to 
wimple  substances,  and  consequently  that  the  above  law,  with  all  the  con- 
sequences deduce*!  from  it  respecting  the  atomic  numl^erSj  must  be  aban- 
doned, h  shown  by  the  detennination  of  the  sjieeific  gravities?  of  mercury 
aud  sulphur  vapour*?.  The  atomic  weight  of  mercury  is  usually  given 
=  101*4  (oxygen  ^  H)  ami  it  is  assumed  that  the  red  oxide  contains  1, 
aud  the  grey  oxide  2  atoms  of  metal  combined  with  1  atom  of  oxygen  : 
but  according  to  Dumas  thesp.  gr.  of  mercnrv  vupour  is  a  little  more  than 
C  time^  that  of  oxygen  gas:  according  to  this  the  atomic  weight  of  mer- 
cury should  be  =:  507  (oxygen  =  ^),  and  the  red  oxide  of  mercury 
should  contain  2  and  the  gvf^y  oxide  4  atomiic  of  metal  for  every  atom  of 
oxygen, — which  last  pr(»portion  is  hi^ddy  improbable.  Agaiu  tbe  atomic 
weight  of  sulphur  is  universally  admitted  to  be  double  that  of  oxygen  ; 
aeoerding  to  the  above  law  then,  the  specific  gravity  of  sulphur- vapour 
should  be  twice  as  great  a**  that  of  oxygen  gas ;  but  the  direct  experi- 
ments of  Dnma-s  and  Mitscherlicli  show  that  it  is  6  times  as  great.  It  is 
out  of  th"  question  to  snppose,  merely  for  this  reason,  that  the  atomic 
weight  of  sulphur  is  6  times  tbat  of  oxygen,  viz.  48,  when  oxygen  =  8  ; 
the  resulting  proportions  would  be  contrary  to  all  analogy.  On  this 
account,  notwithstanding  the  great  density  of  sulphur  vapour,  the  atomic 
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weight  of  ffulpliur  is  still  iiniverf?ally  admitted  to  bo  double  that  of 
oxyjsfen  i  but  iu  order  tu  explain  this  dcpartui-e  from  tbe  law,  it  is  assunicd 
by  the  adbereut^  of  that  law  that  exceptious  to  it  are  more  likely  to  occur 
in  vapours  than  in  the  more  permiineut  gases,  and  that  sulphur  io  tbe 
stale  of  a  heavy  vapour  is  perliapa  in  a  peculiar  i&omeric  condition  (for 
Ibe  changes  which  suipbur  undergoes  wbco  bcjited  see  Amorphismj)  and 
that  if  wo  could  convert  it  into  vapour  without  bringing  it  into  this 
peculiar  condition  hy  heating,  it  would  probably  yield  a  lighter  vapour. 
To  tbia  it  may  be  replied  that  the  diffexenc43  between  vapours  aud  gases  la 
one  not  of  kind  but  only  of  degree,  and  tbe  law,  if  true,  inu*?t  be  ecjually 
ft|n»licaUe  to  botli  ;  moreover  that  if  the  peculiar  isomeric  condition  of 
jralpbur  in  the  state  of  vapour  be  admitted,  we  may  expect  that  oxygen 
m  the  state  of  gas  will  be  in  a  similar  isomeric  condition,  and  will  there- 
lore  yield  a  gas  twice  as  much  condensed  as  that  obtained  from  the 
Ifveater  number  of  elementary  bodies.  In  short,  the  same  unknown  causes 
by  virtue  of  which  1  volume  of  sulphur  vapour  contains  6  times  and  1 
volume  of  hydrochloric  acid  gas  only  half  as  many  atoms  as  1  volume  of 
hydrogen  gas,  nitrogen  gaa^  ^'c.,  may  aLso  efieot  that  1  volmiie  of  oxygen 
gaa  contains  twice  as  many  atoms. 

2.  There  is  no  oompouml  containing  but  one  atom  of  hydrogen,  nitro- 
gin,  iScc,  as  small  as  that  adopted  by  Berzelius;  neither  does  any  known 
compound  contain  3,  5,  7,  &c,,  but  alwaya  2,  4^  6,  8,  &c.  of  such  atoms. 
This  makes  the  existence  of  such  small  atoms  improbable  and  their 
adoption  superfluous  and  troublesome.  According  to  Bcr7^1ius,  if  the 
atomic  weight  of  oxygen  ^=^  8,  that  of  hydrogen  must  ;^  ^,  of  nitrogen 
:^  7,  of  iodine  =  63,  of  bromine  ■=  39 '2;  of  chlorine  =.  17*7,  and  of 
fluorine  =;  0'37.  But  39*2  potassium  which  unite  with  8  oxygen,  also 
unite  with  2.  63  iodine,  2,  39*2  bromine,  2.  17*7  cblorine,  and  2.  9 '37 
Uuorine,  Heuoe  2  atoms  of  these  bodies  arc  ref|uircd  to  replace  1  atom 
of  oxygen  id  combination  with  potassium  :  or  2  atoms  of  these  tjodies  are 
tkn  €quivaleRt  of  1  atom  of  oxygen.  If  tbe  atoms  be  supposed  twice  aa 
grealy  the  idea  of  an  atom  will  coincide  with  that  of  an  ec^uivalent,  and 
all  confusion  wiU  be  avoided.  According  to  Borzelius^a  view*  however* 
these  ierma  must  often  be  distingui«bed  one  from  tbe  other.  These  con- 
siderations have  led  Berzelius  to  introduce  the  notion  of  douhk  atom4, 
A  double  atom  of  hydrogen,  nitrogen,  iodine,  bromine,  chlorine,  aud 
fluorine  corre^onds  in  his  system  to  a  einglo  atom  of  tbe^  bodiea  as 
they  are  considered  in  this  work. 

[For  the  reastms  favourable  to  Berxelius's  view  founded  on  tbe  speci6o 
beats  of  the  elementary  bodies,  see  the  chapter  on  Heat.] 

In  the  determination  of  atomic  weights^  the  following  x^rinciples  are 
highly  ugefnl  as  guides  : 

1.  Let  it  be  granted  that  heterogeneous  substances  combine  in  the 
aimpleet  possible  numerical  proportions,  and  let  their  weights  W  deter- 
mined accordingly. — Thus,  hydrogen  being  assumed  =  I,  and  therefore 
oxygen  =r  S,  the  most  suitable  number  that  can  be  given  to  sulphur  \s  16  : 
for  I  At.  sulphur  will  then  combine  with  1  At.  hydrogen  to  form  sul- 
phuretted hydrogen,  with  1  At.  oxygen  to  form  hyposulphurous  acid, 
with  2  atoms  to  form  sulphurou?i,  ani  with  3  to  form  sulphuric  acid,  &c. 
If  the  atomic  weight  of  i?ulphur  were  made  =48  according  to  tbe  specific 
gravity  of  it«  vapour,  then,  instetid  of  the  preceding  relations,  wo  should, 
nave  1  At.  sulphur  combined  with  3  hydrogen,  and  1  At  sulphur  with  3 
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A 

B 

C 

D 

E                  F 

G 

Atomic 

Specific 

Atomic  Numlwr- 

1 

lathe 

weight. 

gravity. 

Water  =L 

Air=L 

Redace<i.  ; 

gaj^eous 
itate. 

Bismuth  « 

106^4 

9-8220    1 

00922 

70-994 

1024       , 

Aritcmr;    •,,.,♦ 

75-4 

5-9590 

0-0-92 

eO-9B4 

880 

2 

PhoHphomB  .... 

31-4 

17&00 

00ri57 

42*8S9 

619 

2 

Antimony    » . .  * 

129 

,      6-7010 

00519 

39*963 

576 

Sodium     

23-2 

0-9722 

0  0419 

32-263 

406 

Urnnuim 

217 

9*0000 

0  0415 

31*1155 

4'iL 

Iodine , , 

126 

4-9480 

00393 

30-261 

437 

1     fl 

nromlnti 

78*4 

2-9800 

O03H0 

29-260 

422 

^      1 

Cliloritie 

35^4 

1-3333 

0-0376 

28-952 

418 

1      ^ 

FotatftiuQi    . .  * . 

39*2 

0-8650 

0-0221 

17-017 

245 

Bj  examining  tliis  table  we  arrive  at  the  followiDg  resulu  : — 
1.  Equal  volumes  of  difTerent  liquid  and  solid  bodies  contain  very 
different  numbers  of  atoniH,  If  1  cubic  hicli  of  hydrogen  ga*?  contains  1  .  x 
At.  bydro;^'en,  then  1  cub,  in.  potassinm  contains  245  .xAt  potassium,  and 
1  cuK  in.  diamond  6481  .  jf  At.  carbon.  Of  all  liquid  and  solid  botlies  potae- 
mum  baa  the  snialle^l  and  carbon  tlie  ji^^reatcst  (27  times  as  ^rcat)  atomic 
number,  Ttjia  great  divorsitj  in  tbe  atomic  numbera  is  porbapa  to  bo  ex- 
plained ;  (a)  from  difference  of  magnitude  in  tbe  atoms  thcniscJve®.- — Tbe 
greater  tbe  weij^'btj  and  therefore  also  tbe  magnitude  of  tbe  atomSj  tbo 
smaller  must  be  tbe  number  of  tbem  wbicb  at  equal  intervals  can  be  disposed 
in  a  given  space.  This  ts  perliaps  one  of  tlic  causes  why  uranium  which 
haa  60  large  an  atomic  weight  should  have  m  Hmall  an  atomic  number; 
why  flodium,  whose  atomic  weight  is  not  much  more  than  Iialf  that  of 
potassium,  baa  an  atomic  number  nearly  twice  a<H  great.  The  great 
atomic  number  of  carbon  may  likewise  jiartly  arii»e  from  the  smalinees  of 
ita  atoms.  (6.)  From  dilTerence  in  the  force  of  attraction  (Cohesion) 
between  the  atonic, — The  hardest  of  all  aubstauceSj  the  diamond,  is  pre- 
cisiely  that  which  contains  the  greatest  number  of  atoms  in  a  given 
volume :  either  then  its  great  cohesion  is  tbe  consequence  of  the  close 
approximation  of  its  atoms,  or  this  close  approximation  a  consequence 
of  their  great  cohesion  ;  or  possibly,  the  strong  attraction  of  the  particles 
for  one  another,  together  with  the  close  approximation  thereby  produced, 
may  be  the  cause  of  the  great  tenacity  and  hardness  of  the  diamond. 
The  other  bodies  likewise  follow  nearly  in  the  order  of  their  cohesion, 
and  the  soft  metal  potassitmi  terminates  the  series,  (c.)  From  the  dif- 
ferent affinities  of  the  atoms  for  heat, — The  stronger  this  aiHnity,  the 
greater  will  bo  the  quantity  of  heat  collected  in  the  pores,  and  the  more 
widely  therefore  will  tbe  atoms  bo  kept  asunder.  A  greater  attmction 
for  heat  implies  also  a  greater  inclination  to  assume  the  gaseous  state. 
Accordingly,  the  less  volatile  bodies^  those  namely  which  have  the 
smalldst  attraction  for  beat,  such  as  carbon  and  the  more  refractory 
mei&ls,  exhibit  larger  atomic  numbers  than  sulphur,  selenium,  phospho- 
rns,  iodine,  bromine,  chlorine,  and  the  volatile  metals.  The  only  excep- 
tions to  this  rule  are  zinc  and  the  very  refractory  metals,  uranium,  gold, 
silver;  and  osmium.  In  a  simiLir  nmnncr,  ns  will  afterwar^ls  be  shown 
(vid.  Heat),  the  specific  heat  of  bodies  h  greater,  ceteris  par  ihu$,  in  pro- 
portion as  they  have  fewer  atoms  in  a  given  epaco  and  therefore  greater 
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intervals  between  theni.  Lastly,  the  exception 8  just  noticed  and  otbers 
also  show  that  the  three  causes  hero  considered,  viz,,  the  size  of  the  atoms, 
their  cohesion,  and  tlieir  attraetion  for  hout,  are  not  tke  only  ones  hy 
which  tho  atomic  nnnibers  are  aiieetcd. 

2.  Man}*^  clemeiittt  possessed  of  similar  properties  have  their  atomic 
numbers  nearly  equal ;  e.  ff.j  nickel,  niangauese,  cobalt,  and  iron  (of 
which  that  of  tue  diamond  is  double) ;  platinum,  palladium*  and  rhodium  ; 
titanium  and  chromium;  tung&ten  and  molyhdeuum;  .«5ilvcr  and  i^ohl; 
phosphorus  and  antimony;  iodine,  bromine,  and  chlorine.  Tho  atomic 
numbers  of  some  substances  are  also  simple  multiples  of  others  of  similar 
nature;  that  of  copper  is  nearly  double  that  of  mercury:  that  of  zinc 
double  that  of  lead;  of  arsenic  1  j  times  that  of  antimony;  of  sodium 
nearly  twice  that  of  potassium. 

3.  On  comparing  the  atomic  numbers  of  one  and  the  same  sulislance 
in  its  gaseous  (column  G)  and  in  its  liquid  or  solid  state  (colnnm  F),  wo 
have  tho  followinir  results: — A  space  which  contains  1  At.  chlorine  in 
the  gaseous  state  will  hold  418  atoms  of  liquid  chlorine;  hence  chlorine 
in  passing  from  the  liquid  to  the  gaseous  state  at  a  temperature  0°  C,  and 
a  pressure  of  0*76  metres  (=  30  inches)  is  expanded  to  418  times  its 
volume.  In  the  ca.^e  of  bromine  the  expansion  amounts  to  422  times*  of 
iodine  437,  of  phosphorus  30D,  of  ar.seuic  440.  of  sulphnr  ?31,  of  mercury 
1485,  auil  of  carbon  (if  its  vapour  he  regarded  na  a  monatomic  ga«)  to 
C481  times  its  volume.  The  great  diflercnces  between  these  numbers 
show  the  utter  groundlestjuess  of  the  law  which  Persoz  {Chim.  Moke. 
254)  thought  he  had  discovered,  viz,,  that  all  substances  both  simple 
and  compoundj  in  passing  from  the  gaseous  to  the  liquid  or  solid  state, 
undergo  tho  same  amount  of  condensation.  The  specific  gravities  cak-u- 
late<l  acconiing  to  this  law  appear  to  coincide  witb  the  results  of  obser- 
vation, only  because  Persoz  regarded  the  vajKjurs  of  sulphur  and  phos- 
phorus as  monatomic  gases^  and  supposed  tliat  the  sp.  gr.  of  sufphur 
determined  by  experiment  was  not  2  but  1*8,  taking  also  for  that  of 
arsenic  the  totally  incorrect  number  8*3  detennined  by  Bergman,  and 
long  since  rectified  hy  Lavoisier,  Gnibonrt,  Kareten,  and  Herapath. 

4.  Since  liipiid  and  solid  l^odies  rarely  contain  equal  numWrs  of 
atoms  in  equal  volumes,  they  exhibit  no  tendency  to  combine  in  those 
simple  proportions  by  volume  which  invariably  hold  goo*l  in  the  combi- 
nation cjf  gases.  If,  for  example,  we  would  combine  I  cub.  in,  of  sulphur 
with  1  cub.  in.  of  lead,  we  should  have  to  bring  together  1388  .  ^:  At. 
sulphur  and  1218  ,x  At.  lead,  and  since  these  bodies  combine  in  equal 
numbers  of  atoms  there  woukl  remain  170. .?;  At,  sulphur  unconibined. 
The  difTerences  of  the  atomic  numbers  in  the  table  are  such  that  even  by 
multiplying  the  volume  of  a  body  by  1^,  1^,  2,  2^,  3,  4,  &e.,  no  exact 
relations  would  result.  If,  moreover,  it  be  considerc<l  that  the  same 
metal  according  as  its  density  lias  or  has  not  been  increased  by  hammer- 
ing must  have  a  different  atomic  number,  and  again  that  diilereirt  «ul> 
stances  when  heated  expand  in  various  degrees,  so  that  a  proportion  by 
volume  correctly  determined  at  one  temperature  would  ho  incorrect  at 
every  other^  it  will  be  evident  that  the  endeavours  of  Meineeke  {Cherms- 
che  Menshtmi)  and  of  Frero  de  Montizon  {Ann,  Chim.  Pkys,  7?  7*)  lo 
discover  simple  relations  hy  volume  in  the  comhi  nut  ions  of  liquid  and 
solid  hodicH  must  necessarily  have  led  to  no  result  whatever. 

The  so-t\iJ[cJ  Afomk  volumf.  It  is  inconsistetit  with  the  atomic  theory 
to  suppose  tliat  tho  space  which  a  bijdy  occupies  is  compk*tely  lillcd 
by  it.     For  the  laws  of  gravitation  oblige  na  to  assign  tho  samo  &2*^*eilic 
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gravity  to  the  atoms  of  different  sabstances,  and  oonaeqaentlj  to  aim. 
pose  that  the  different  weights  of  these  atoms  are  due  to  diffeimioe  of 
tna^mitude;  e.  g.,  that  an  atom  of  double  weight  mnst  also  be  of  doable 
volume.     It  follows  from  this  that  the  specific  gravities  of  different  sub- 
stances must  depend  upon  the  magnitude  of  the  spaces  existing  between 
their  atoms.     These  atoms   must  be  regarded  as  impenetrable  and  of 
unalterable  volume,  and  the  expansion  of  a  body  by  heat  or  by  dimi- 
nution of  external  pressure,  as  well  as  its  contraction  by  cooling  or  in- 
crease of  pressure,  as  proceeding  from  an  enkrgement  or  diminuticm  of 
the  intervening  spaces.     In  opposition  to  this  view,  which  follows  almost 
of  necessity  from  the  hypothesis  of  atoms,  Le  Royer  and  Dumas  (J,  Pky$. 
02,  409)  and  more  lately  Graham  and  Kopp,  conceive  that  tiie  space 
which  a  body  occupies  is  completely  filled  bpr  atoms  without  an^  inters 
vening  spaces.     According  to  this  hypothesis,  the  specific  gravity  of  a 
bwly  multiplied  by  the  volume  of  its  atoms,  must  rive  the  atomic  weight 
(for  the  greater  the  sp.  gr.  of  any  substance  and  therefore — according  to 
tins  view— of  its  atoms,  and  the  greater  their  volume,  the  greater  also  must 
be  their  wei/^t).     Conversely,   when   the  atomic  wei^t  and  specific 
gravity  are  known,  the  volume  of  the  atoms  will  be  found  by  dividing  the 
first  by  the  second.     Thus  the  atomic  weight  of  carbon  =  6  divided  by 
the  specific  gravity  of  the  diamond  =  3*5  will  give  the  atomic  volome  of 
Carlson  =  1*714;   and  the  atomic  weight  of  potassium  =  39-2  divided 
by  its  sp.  gr.  =  0-865  gives  its  atomic  volume  =  45*32.     If  now  theae 
nnmiiors  bo  compared  with  the  atomic  numbers  of  carbon  and  potassinm 
in  column  I),  it  will  be  found  that  the  so-called  atomic  volume  is  exactly 
the  reciprocal   of    the    atomic   number;    for   1714  .  05833  =  1,  and 
45-32  .  0-0221  =  1.     (It   is   scarcely  necessary  to  observe  that  these 
numl>orH  will  coino  out  differently  if  instead  of  assuming  the  atomic 
wei/flit  of  hydrogen  =  1,  we  take  that  of  oxygen  =  100,  as  is  commonly 
done).     That  the  atomic  volume   is   necessarily   the  reciprocal    of  the 
atomic  number  \h  oasilyseen:  for  according  to  the  view  first  laid  down 
(which  muHt  be  ro^arded  as  the  correct  one)  the  specific  gravity  is  the 
product  of  the  atomic  number  and  the  atomic  weight  (page  52):  so  that 
if  S  =  specific  gravity,  G  =  atomic  weight  and  Z  =  atomic  number, 
we  hav(?  S  =  G.  Z.     If  now,  according  to  Leroyer,  &c.,  we  divide  the 
atomic  weight  G  by  the  sp.  gr.  which  according  to  the  above  is  G.  Z., 

we  have  the  atomic  volume  =  q^^^—'Z*     ^^^^   ^^®  atomic  volume 
is  the  reciprocal  of  tlio  atomic  number.     It  is  easy  to  see  from  this  that 
the  «xi)reHHi(m  atomic  volnrtie  must  lead  to  erroneous  views  and  inferences: 
for  we  ('an  understand  by  it  nothing  else  than  an  atom  of  a  body  together 
with  the  adjficont  and  surrounding  interstices;  since,  however,  tnese  inter- 
stices vary  according  to  external  circumstances,  such  as  pressure  and 
temj)erature,  tlie  atomic  volume  must  be  variable  also.     This  is  allowed 
W  Pol.  Boullay  {Ann,  Chim,  Phys,  43,  266,  extr.  Pogg,  19,  107;  also 
Jy.  Tr,  23,  1,  208)  who  advanced  similar  views.     If  this  mode  of  calcu- 
lation be  a<lopted,  it  is  better  to  leave  the  atomic  theory  out  of  the 
question  and  adopt  the  nomenclature  of  H.  Schroder,  who  calls  these 
quotients  equivalent  volumes.     Since  16  j)arts  of  sulphur  are  the  equiva- 
lent of  126  iodine,  a   volume    of    sulphur  which  takes  up    16  :  2000 
=  8  cubic  measures,  is  the  equivalent  of  1  vol.  iodine  which  occupies 
126  :  4048  =  25-46  cubic  measures;  for  I  vol.  sulphur  of  8  cubic  mea- 
sures, whose  sp.  gr.  =  2  contains  2.  8  =  16  parts  by  weight,  and  I  vol. 
iodine  whose  sp.  gr.  =  40 46  contains  4-946  .  25*46  =  126  parts  by 
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weight.     (For  further  development  of  this  nmtter,  vid.  Density  ofOmnf* 

Atomic  wdgJU  of  Compounda. 

The  two  laws  above  laid  down  (page  41)  apply  to  rompoiind^  ae  well 
as  to  simplo  fiuh^stanoea.  If  one  compound  substance  A  ia  c«p?ib!o  of  com- 
bining with  another  compound  substance  B  in  dift'orent  proportions,  the 
smallest  rpmiitity  of  B  with  which  A  can  combine^  inaltiplicd  hy  1,J^  2, 
3,  4  .  ,  .  .  gives  the  other  fjuantitics  of  B  which  can  enter  hi  to  com  h  in  a- 
tjoe  with  A.  Thus,  47*2  partes  of  potash  are  nnited  in  carbonate  of 
potash  with  22,  and  io  bicarbonate  with  44  part*  of  carbonic  acid: — . 
111*8  oxide  of  lead  can  combine  with  9,  18,  27  and  54  paiis  of  nitric 
lie  id*  The  second  law  is  al^o  applieable  i  from  tho  proportions  in  which 
one  compound  gubi*tance  eombinee  with  two  others  may  likewise  be 
determined  the  proportion  according  to  which  these  two  combine  with 
one  another.  Hydrate  of  magnesia  contains  20  7  magnesia  antl  9  water; 
guJphate  of  magnesia,  20*7  magnesia  and  40  sulphuric  acid:  and  accord- 
ingly 9  water  and  40  sulphuric  acid  arc  exactly  the  proportions  of  these 
two  bodies  contained  in  oil  of  vitrio].  In  this  manner  the  atomic  weighta 
or  equivalents  of  compound  bodies  may  be  determined  quite  indepen- 
dently of  those  of  simple  substances*  For  example,  we  might  a^s^-sume  tho 
atom  of  soJphuric  aeid  :^  1000,  and  then  determine  that  of  water  ^  225, 
of  magnesia  ijl7*5,  and  oxide  of  lead  2795,  these  being  the  quantities! 
of  ilieoe  several  substances,  which  combine  with  1000  parts  of  sulphuric 
acid:  moreover,  since  these  fjuantities  of  the  several  bases  saturate  1350 
nitric  acid,  this  number  1350  wouUl,  on  the  same  hypothesis,  express  the 
atomic  weight  of  nitric  acid.  Numliers  so  determined  would  not,  how- 
ever, be  in  accordance  with  those  of  the  simple  substances  obtained  on 
the  supposition  of  hydrogen  =  1  or  oxygen  :=  100. 

The  atomic  weight  of  any  compound  is  etjual  to  the  enm  of  the  atomic 
weight*  of  the  simple  substances  which  compose  it.  This  is  in  exact 
accordance  with  the  atomic  theory;  for  the  atom  of  a  compound  must 
weigh  as  much  as  the  individual  atoms  of  the  simple  substantias  composing 
it  taken  togettier.  1  At.  hydrogen  =.  1  and  1  At.  oxygen  =  8  form 
1  At.  water  =  1  -f  y  —  9^  1  At.  lead  =  103'8  and  1  At.  oxygen  =  8  fonn 
1  At.  oxide  of  lead  =  111-8;  I  At.  sulphur  =  10  and  3  At.  oxygen  =r 
24  form  1  At,  sulphuric  acid  ==^  Itf  +  24  =  40,  Hence  IU*8  parts  of 
oxide  of  lead  combine  with  exactly  40  parts  of  sulphuric  acid»  because 
this  is  the  proportion  in  which  1  At.  oxide  of  load  combines  with  1  At. 
sulphuric  acid.  If  111*8  parts  of  oxide  of  lead  be  heateil  to  redness 
with  an  excess  of  aqueous  sulphuric  acid,  that  part  of  the  acid  not  taken 
up  by  the  oxide  of  lead  evaporates  together  with  the  water,  and  there 
remain  exactly  151*8  parts  of  sulphate  of  lead,  containing  Urs  oxide  of 
lead  and  40  sulphuric  acid.  When  galena,  a  compound  of  J  At.  lead 
with  1  At,  sulphur  is  digested  with  nitric  acid,  whic!j  gives  to  the  lead 
and  the  sulphur  the  quantities  of  oxygen  requireil  for  converting  them 
res|)ectively  into  oxide  of  lead  and  sulphuric  acid,  and  the  liquid  isevapo- 
nited  to  dryness,  there  remains  the  same  compound  of  111-8  oxide  of 
leail  and  40  sulphuric  acid^  so  that  no  excess  of  sulphuric  acid  can  be 
removed  by  water  or  of  oxide  of  lead  by  acetic  acid,  because  1  At.  Iea4 
by  combinmg  with  oxygen  fomjs  exactly  1  At.  oxide  of  leaib  and  1  At. 
sulphur  by  combining  with  oxygen  forms  exactly  1  At.  sulphuric  acidt— 
and  mureover  oxido  of  lead  and  sulphuric  acid  combine  prtHrisoly  iu  the 
proportion  of  1  atom  to  1  atom.    It  is  a  necessary  coneotnitant  of  this  law^ 
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that  when  tho  proximate  oloments  of  such  componnds  of  the  eeeond 
orfh;r,  Mulphiito  of  Icatl  for  example,  contain  a  common  ultimate  ele- 
merity  tut  oxygen  in  thio  ca80,  the  quantities  of  this  ultimate  element  con- 
tainer] ill  the  two  proximate  elements  must  hear  a  simple  relation  to  each 
other:  ^,ff,,  the  quantity  of  oxygen  in  sulphuric  acid  is  exactly  3  times 
as  f^re&i  as  tliat  in  the  oxide  of  lead  combined  with  it. 

Chemkal  Formula}, 

A  chemical  formula  is  an  expression  by  symbols  and  numbers  of  the 
comfKisition  of  a  definite  chemical  compound  according  to  its  elements 
and  their  relative  (|uantiticB.  The  symbols  are  the  initial  letters  of  the 
narn«!H  of  the  elementary  substances  given  in  the  table,  page  50,  colamn 
H.  (Certain  conipoundM,  particularly  of  the  organic  class,  have  likewise 
particular  Hyni)>oJs  aj)propriatcd  to  them:  e,  g.,  Water  =  Aq;  Cyanogen 
=  (Jy;  Tartaric  acid  =  T;  Citric  acid  =  C;  Acetic  acid  =  A;  Quinine 

=  Cli;  Morjihia  =  M,  Sec,  The  numbers  annexed  to  the  symbols  denote 
th«)  nuniberM  of  atoiiis  of  the  several  constituents  existing  in  the  com- 
jHiiind;  a  symbol  with  no  number  annexed  to  it  implies  that  one  atom 
only  of  the  corrcHpon<ling  subbtance  exists  in  the  compound.  Electro- 
poMitive  HubMtanroH,  such  as  metals  and  salifiable  bases,  precede  electro- 
n<*uativo  NuhMtaiictis,  such  as  oxygen  and  acids  in  the  formula).  This 
om«*r  is  the  niverse  of  that  adopted  in  the  nomenclature,  but  it  would 
jH^rliiipN  be  IxittfT  in  this  as  well  as  in  the  formula  to  give  precedence  to 
tho  ehictro-poNitive  element.  Wlien  a  compound  contains  proximate  and 
ultimate  elements,  the  mo<le  of  combination  is  expressed  by  means  of 
points,  coinni.'iNy  4-  signs,  and  brackets.  Oxygen,  which  occurs  so  fro- 
(|U<M)t]y  in  (!oiiip()undH,  in  oftcMi  exi)rcs8cd  by  point*  placed  over  the  sym- 
bol of  the  boily  with  wiiich  it  is  in  combination,  the  number  of  these 
f»ointM  brwng  «M|uiil  to  the  nuinbor  of  atoms  of  oxygen  present.  In  a  einii- 
iir  iniinner,  utrokeH  loaning  from  right  to  left  are  used  to  denote  atoms  of 
suliiliiir,  and  points  under  the  symbol  of  the  other  body,  atoms  of 
hyarogen. 

Oxide  of  l(!iul  in  PbO  =  Pb;  potash  (1  At.  potassium  and  1  At.  oxy- 
gen) is  KO  =:  K;  water  is  II 0  =  11;  alumina  (2  At.  aluminum  and  3  At. 
oxygen)  is  Al*  0^  =  Al;  wirbonic  acid  is  CO'  =  C;  fiilica  is  Si  0-  =  Si; 
Hulphuric  aci<l  is  SO^  =  S;  nitric  acid  is  XO'^  =  N;  ammonia  is  NH^  = 
N;  Hulphate  of  lead  is  PbO  +  S0»  =  PbO,  SO'  =  Pb  S;  bicarbonate  of 
pota«li  (1  At.   potuHh,  2  At.  carbonic  acid,  and  1   At.  water)  is  KO  -f 

2C0'^  4-  HO  =  KO,  CO',  HO  =  KC-  H;  crystallized  sulphate  of  ammo- 
nia  (1  At.  ammonia,    i  At.  Hiilpliuric  acid,  and  2  At.  water)  is  NH^  -f 

SO^  4-  2II0  =  NH',  S0\  2H0,  =  N  S  H-;  crystallized  potash  alum  (1 
At.  potash,  1  At.  alumina,  4  At.  sulphuric  acid,  and  24  At.  water)  is 
(KO  +  SO')  4-  (APO'  -f  3S0')  +  (24  HO)  =  KO,  SO^^  +  AP0',3S0* 
+  24  IIO  =:  K  S,  AJ^S',  H^;  sulphuret  of  potassium  (1  At.  potassium 
and  I  At.  sulphur)  is  KS  =  K;  tersulphurct  of  molybdenum  is  JMoS'  = 
Mo;  the  combination  of  these  two  metallic  sulphurofes  in  equal  numbers 
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of  atoms  is  KS  -f  MoS'  =  KS,  MoS^  =  KMo,  A  nuinlter  ]vlnrc<l  on  the 
riglit  fui*l  at  tlio  upper  pnrt  of  a  symbdl  denote  merely  tlio  ntiinljer  uf 
utcmis  of  tfic  .substance  ileootcd  hy  tlie  8jin1ji>l;  f.  7.,  SO'  must  be  tiiukr- 
aiood  to  Jci)ot<3  3  atoms  of  uxyf^jen  a ud  only  1  of  Hiilphur;  when  oxygen 
is  ex|)ressed  by  pointtr,  the  number  phtced  on  the  right  refers  to  the  whole 

compound  containing  the  oxygen;  thus  in  bicarbonate  of  potash  KG' H 
wo  must  nn<leri?tand  2  At.  CO',  niit  merely  2  At.  C.  On  the  other  hand, 
a  number  placed  before  several  gymbolH  multiplies  them  all  as  far  as  the 
next  -h  «ign  or  comma,  or  if  the  number  staniU  befi^re  a  bracket^  it  mul- 
tiplies all  the  eyniboU  and  itundjera  included  within  the  brackets:  thus 
GFbO  +  NO'  or  6Pt>0,  KO'  mean^  a  combination  of  6  At  oxide  of  lead 
with  1  At.  nitric  acnd;  and  KCl  -h  4  HgCl  -f  4H0,  or  KCl,  4H;rCl  + 
4H0j  the  combination  of  1  At.  chloride  of  potai<stun*  with  4  At*  cldorido 
of  mercury  and  4  At.  water.  Many  chemiats  write  the  numlicr  or  index 
on  the  right  below,  instead  of  the  riglit  above  tho  symbols  (thusj  SO^  for 
sulphuric  acid),  because,  in  algebraical  forniuhe,  a  number  on  the  right 
above  expresses  a  jniwer:  Imt  there  is  no  ri.sk  <»f  confusion  1)etween  alge- 
liniical  iind  chemical  formuhu,  and  the  number  when  written  above  is 
more  easily  read  tlim  when  placed  below. 

S(oich iomet rica I  Caicuiatio n . 

The  greater  the  number  of  atoms  of  any  substance  in  a  given  com- 
jKiumh  and  the  greater  the  weight  of  those  atoms,  the  greater  will  be 
the  *piantity  of  that  substance  in  the  compcoind.  Hence  the  <juantity 
(M)  of  the  constituents  in  a  given  ^piantity  of  the  compound  (in  lOt)  parts 
for  example)  is  determined  by  multiplying  the  number  of  atoiiiij  (Z)  of 
each  constituent  by  the  atomic  weight  (G),  Hence  we  have  the  three 
following  fonniihc: — 

l).M=2.G;   2)G  =  f ;  3)Z  =  ^ 

The  first  formula  comes  into  use  in  determining  the  quantities  of  the 
Beveral  constituent.^  contained  in  a  given  (|uantity  of  any  componniL 
The  process  cou.sist^  in  multiplying  the  atomic  weight  <*f  each  ix>nstitnent 
by  the  number  of  it.s  atonirt  contained  in  the  compound  atom,  and  adding 
the  quantities  so  obtained:  the  sum  is  the  atomic  weight  of  the  conipound, 
and  since  the  quantity  of  each  element  contained  in  it  has  alwo  been  dc- 
tcrmineih  the  iiuaiititics  of  those  several  elements  in  any  other  quantity 
of  tlie  compound  may  be  found  by  the  Rule  of  Three, 

What  are  the  c|uantitiea  of  the  several  elements  of  sulphate  of  leail 
(PhO,  SO')  contained  in  100  nartsl  PbO  is  1038  +  8  =^  111*8;  SO'  is 
10  H-  24  =  40;  therefore  PbO  +  80^  is  HI  8  +  40  =  1518.  We 
know  then  that  the  proximate  elements  of  151*8  parts  of  sulphate  of  leatl 
re  11 1*8  oxide  of  lead  :ind  4U  sulphuric  acid;  the  ultimate  elements  urt* 
103'8  lead,  IG  suljjbur  and  32  oxvgen.  If  now  Mtl'H  parts  of  sulphate 
of  lead  contain  1 1 1  *H  oxide  of  lead,  100  parts  must  contain  (151 '8  :  1 11  "S 
=  100  :  73'65)  7365  parts;  similarly  the  proportion  li>l*H  :  40  =  100  :  sr 
gives  26*35  per  cent,  of  sulphuric  acid;  15  IS  :  103*8  —  100  :  *t  gives 
,€8'38  per  cent,  lead;  151  8  :  16  =  100  ijr  gives  10%54  per  cent,  sulphur, 
;»nd  151-8  :  32  =  100  :  x  gives  21  08  per  cent,  oxygen. — What  are  tb»> 
constituenti?  of  85  parts  of  morphia  (C^  NH"  0  )?  35  At.  carbon  weigh 
85-6  =  210:  1  At.  nitrogen  14;  20  At.  hydrogen  20 .  1  —  20;  an«l  0  At. 
[uxygen  0  .  8  =  48  ;  and  210  +  14  +  20  -h  48  =:  202 ;  now  202  :  210 
te'85  :  ogives  61 '13  carbon  in  85  parti  of  morphia;  202  :  14  —  85  ;x 
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SftY^  4'OH  niirffgffn;  292  :  20  =  85  :  «  gires  5-82  hydrogen;  and  292  :  48 

:►.  >!./  :  X  *^iYtth  IH-Ul  oxygen. 

TI;m;  firnt  fonnulii  aUo  Hcrrcs  to  find  how  much  of  any  sabaUnoe, 
'im|/l/;  or  cdftniMfUwi,  in  re'|uired  to  convert  a  given  quantity  of  another 
iruf/«twi^A  luUtz  inven  c/^mponnd;  or  to  decompose  a  given  ({oantity  of 
Hftf/y  c//r/f|^/uijd. — How  ruach  Hulphur  is  required  to  convert  135  parts  of 
'y/pprf  inUt  diiialpkuret  of  c/ippert  In  this  compound^  Ca'  S,  there  are 
U.m'H  =  6<l'6  cit\>\ttir  combined  with  16  sulphur:  since  then  9S'9  copper 
fj^mrti  16  selphur,  \*i!}  parts  of  copper  will  require  83*96  parte  of  sol- 
uhur,  for  HH'H  :  16  =  135  :  33*96. — How  much  oil  of  vitriol  ie  required 
for  i\u9  'UftiifmiMpmiwn  of  79  pts.  of  nitrate  of  potash,  so  that  bisnlphate 
'/(  iffUmU  may  \ni  foniunl  while  the  nitric  acid  escapes?  In  nitrate  of 
jMumU,  I  At.  iM/tajfli,  (KO;  =  39*2  +  8  =  47'2  is  combined  with  1  At. 
ffitri^;  tu'.'id  (yto'')  =  14  4-  40  =  54:  the  atomic  weight  of  nitrate  of 
|y/t«i*»i  U  lh«ff«rforo  47-2  -h  54  =  101-2.  Oil  of  vitriol  (SO'  HO)  oon- 
i^tuti  J  At.  Hiilpliuric  a4:id  =  16  4-  3,  8  =  40,  and  1  At.  water  =  1  + 
H  if.  ihitrtiforn  the  atomic  weight  of  oil  of  vitriol  is  40  +  9  =  49. 
Hlnnti  ihnii  2  At  siiljfhuric  acid  are  to  combine  with  1  At  potash,  1  At. 
Of  101 '2  partff  of  nitrate  of  iiotaiih  (containing  47*2  potash)  will  require 
2  At  Of  ^  ,  49  =  9K  jmrtM  of  oil  of  vitriol  (containing  80  sulphuric  acid); 
how  101 '2  :  9K  =::  79  ;  76*5  the  quantity  of  oil  of  vitriol  required  to 
tit'^'oiniHtHti  79  partM  of  nitrato  of  jMitosh. 

Hy  ffKiaiiN  of  the  sec/ind  formula  we  may  find  the  atomic  weight  of  a 
Mthttiknrti  wUf.u  wo  know  the  relative  quantity  of  it  in  a  given  compound, 
and  als/f  the  iiiimUir  of  itM  atfjniN  which  probably  enter  into  the  constito- 
(ion  of  that  ':otfi|Kiun<t  KupjioHO  that  in  100  parts  of  selenious  acid  we 
littvo  foiinJ  71 '4/1  jiartM  of  welunium  and  28*57  parts  of  oxygen,  and 
tiktttmni  UM  \troh;i\tUi  that  it  contains  1  At.  scleninm  and  2  At  oacygen; 
wi:  hav:  llKffi,  ill  ordt'.r  to  perform  tlio  ojicration  indicated  by  the  second 
ioiinuUi,  to  <lJvi<lo  tho  quantity  of  each  clomont  by  tho  number  of  its 
uiotim:  tlfii»i 

M     :  Z  =      G 

Ho  71-43  :  1  =71*43 

O   2857  :  2  =  14-285 

A^'^'orJiiipr  to  fhi«,  tli<?  atomic  weight  of  flclcniura  would  bo  71*43  if 
tliJit  of  o*y^<;n  w«iro  I4'2H5;  but  taking  8  for  the  atomic  weight  of 
oxyitt'h,  wi'  have  M2M5  :  71*43  =  8  :  40:  if  the  atomic  weight  o?  oxy- 
tfi'ii  \to  100  wo  havo  14-2H.i  :  71'43  =  100  :  500.  Hence  tho  atomic 
wi'i;/lit  of  Hd<'niiim  in  40  when  that  of  oxygen  is  8,  and  500  when  that  of 
oxyi^t-H  iw  100. 

Hy  thu  third  formuhi  we  find  in  wlmt  numbers  the  atoms  of  the  dif- 
fi-n'Ut  ronhtituentH  an?  united,  when  their  relative  quantities  and  atomic 
wi'i^htH  aro  known.  If  100  parts  of  nitric  acid  contain  25*926  nitrogen, 
and  74  074  oxyi^en,  and  the  atomic  weight*?  of  nitrogen  and  oxygen  are 
14  nnd  H  reH|)cctivcly,  what  are  tho  numbers  of  atoms  of  these  two  elc- 
niMit.i  contained  in  nitric  acid?  According  to  the  fonnula,  tho  relative 
qiiJintity  divided  by  the  atomic  weight  gives  the  number  of  atoms; 
therefore 

M       :  G  =      Z 

N  2502G  :  14  =  1*852 

0  74074  :    8  =  9-2C0 

According  to  this,  1852  At.  nitrogen  are  united  with  0200  At.  oxy- 
gen.    This  conii)licate<l  ratio  may  however  (as  in  most  other  cases)  be 
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reduced  by  assuming  the  atomic  number  of  the  eleraents  wLicli  giyes  the 
oallest  quotient  in  the  calculation  ^  ],  and  dividinjf,'^  the  other  tjuotienta 
by  this  smallest  quotient.     TUua   in  the  prestint  exiimple   1  852  :  9260 
^:^  1  :  5;  congequentlj  I  At.  nitrogen  h  cunil lined  with  5  At.  oxygon. 

Felspar  contains  in  100  parts,  16*63  potJish,  lH-14  alumina,  and  (j5'2\ 
plioa:  how  many  atoms  of  these  three  eohstances  does  it  contain?  Hero 
re  have  to  calculate  the  atomic  weights  of  the  three  proximate  elements: 
thua 

^K  392  2A1  27-4  Si    U'8 

O     8'  30    24  20  le 

Potash  47^2                 Alumina  51*4  Silica  30'8 

L  M     :    G   =     Z 

I                    Potaeb  •.....,, 16*65  :  47"2  =0*3528 
i                    Alumina _   18*14  :  51-4  =  0-3528 
■                     Silica 65-21  :  30-8^2-1172 
Now   3528  :  3528  :  21172  ^  1  :  1  :  6,      Consequently  felspar  Con- 
ine*! m8  1  At.  potash,  1  At,  alumina,  and  6  At.  silica^  probably  combined 
as  folhjwa: 
H                                  (K  0,  3Si  0-)  +  (AP  0^  3Si  0'), 

^F  In  many  componadF,  especially  of  the  organic  class,  all  the  elements 
occur  in  more  than  I  atom,  and  the  division  of  the  larger  quotients  by 
tlie  smallest  gives  improper  fractions^  which  must  he  got  ritl  of  by  sn[i- 
l>oiiin<.f  the  number  of  atoms  of  the  clement  which  gives  the  smallest  quo- 
I  tient  to  he  2,  3,  4,  &c.  Dry  benzoic  a^cidj  for  examplo,  contains  in  100 
74'34  carbon,  4*42  hydrogen,  and  21*24  oxygen, 

M      :G=      Z 
C     74-336  :  6  =  12^390 
H       4*425  :  1  ^    4*425 
O     21*239  :  8  =    2  655 

h655  :  4-425  :  12-3IJ0  =  1  :  1*06  ,..,  :  4*66  ,..,  op  multiplying  hy  3,  = 
5  :  14.     Hence  dry  benzoic  acid  contains  3  At,  oxygen,  5  At.  hydro- 
gen, and  14  At.  carbon. 
^H^    To  save  the  trouble  of  making  such  calculations  by  the  nile  of  three, 
^^toToOaston  (Antt,  PML  4,  170;  comp.  aUo  *SV//m  14,  126)  introduced  his 
^^Bcale  of  Chemical  Etjiiivalejiis  coiiFtrnctefl  on  the  principle  of  the  ordinary 
^^mlidhij  Rule.     A  slide  moveable  up  and  down  the  middle  of  a  narrow 
^^KKjard  is  marked  with  the  numhers  10  .....  500  phiced  at  disiancea  corres- 
^^^nding  to  their  logarithms,  so  that,  for  example*  the  distance  between 
10  and  11  is  as  great  as  that  between  100  and  110.     On  the  right  and 
left  of  the  slide  the  names  of  the  elementary  substances  and  tlieir  more 
important  compounds  are  marked  on  the  hoard  in  places  corresponding  to 
^their  atomic  weights.     When  the  slide  is  act  right  in  the  board,  that  is  to 
^^ay,  not  drawn  either  up  or  down — the  number  10  on  the  slide  stands 
^Bkpposite  1  At.  oxygen  on  the  board;  11-25  on  the  elide  opposite  to  1  At, 
water  on  the  board j  so  likewise  12*5  corresponds  to  10  At*  hydrogen;  20 
^  2  At  oxygen,  and  1  At.  sulphur;  30  to  3  At.  oxygen;  40  to  4  At. 
Kygen;  50  to  5  At  oxygen  and  I  At.  sulphuric  acid;  130  to  lead;  140 
»  oxide  of  lead;  190  to  sulphate  of  lead,  and  so  on.     Consequently,  in 
kis  position  of  the  slide  it  may  be  seen  that  100  parte  of  sulphate  of  lead 
ontain  140  oxide  of  lead  and  50  sulphuric  acid;  or  130  lead,  20  siulphur 
ad  40  oxygen,  it  being  supposed  that  the  numbers  of  atoms  of  the  con- 
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stituontii  aro  prei^iously  known.  If  naw  it  l>o  reqiiircfl  to  ilntl  vrhnt 
4]uiiiititi*3«  of  tliescscvemi  elenjents  iirc  contained  in  lUO  parts  nffiulpliate 
of  lea*],  the  sliJe  h  to  be  ?o  placed  that  the  number  100  ^Imll  stand  exactly 
opposite  to  sulphate  of  leaci,  when  the  required  quantities  will  be  found 
oppotjite  the  names  of  the  several  elements.  In  this  and  other  ways  the 
Eciuivalent-flcale  (which  may  aUo  be  made  with  a  moveable  circle  insteiid 
of  a  slide)  may  be  employed.  However,  the  fractional  parts  of  the 
numbers  cannot  be  marked  on  the  divisions  of  the  slide  with  a  degree 
of  accuracy  equal  to  that  which  may  be  obtained  by  calculation,  and 
moreover  the  number  of  the  elements  and  their  compounds  is  so  great 
that  their  names  cannot  all  be  marked  on  the  board,  so  that  dearching 
for  them  in  this  manner  often  takes  a  longer  time  than  calculation:  heuc^ 
the  am  of  these  Equivalent-scales  has  not  become  very  general 

D*   Qualitative  alterations  of  elements  caused  by  chemical 
combination. 

Since  the  chemical  combination  of  heterogeneous  substances  produces  a 
}K>mogeneous  mass*  it  must  necessarily  be  accompanied  by  a  change  in  the 
properties  of  the  elements.  In  the  less  intimate  combinations  this  cliangc 
U  very  unimportant,  no  more  in  many  cases  than  is  necessary  to  cause  the 
different  properties  of  the  elements  to  merge  into  one  another*  Thus 
common  salt  when  dissolved  in  water  loses  its  solid  form  and  imparts  hs 
saline  taste  to  th©  water,  while  the  specific  gravity  of  the  solution  is 
nearly  a  mean  between  that  of  the  salt  and  that  of  the  water.  The  pro- 
perties of  the  more  intimate  compounds  on  the  other  hand  are  in  almost 
all  cases  totally  diiTerent  from  those  of  their  elements.  The  two  tasteless 
substances  oxygen  and  sulphur  produce  by  combination  the  intensely  sour 
and  corrosive  salphoric  acid;  the  solid  substances  carbon  and  sulphur 
form  when  combined  the  volatile  aulphurot  of  carbon  :  grey  mercury  Bn<l 
yellow  sulphur  form  the  bright  red  compound  verniilHon;  &c.  &c. 
Although  all  the  elements  of  a  compound  body  exert  some  influence  iu 
dotermining  its  properties,  this  influence  is  nevertheless  exerted  in  very 
dilferent  degrees;  it  often  happens  that  one  clement  is  much  more 
tdfective  in  determining  the  physical  and  chemical  characters  of  a  com- 
pound than  another;  the  former  may  be  said  to  possess  more /orma^iW 
jMtwiT,  while  the  latter  serves  either  as  a  base  or  ^roimdtvork.  Thus  the 
metals  may  be  said  to  act  as  bELses,  while  the  non-metallic  elements,  parti- 
cularly oxygen,  hydrogen,  chlorine,  fluorine,  bromine^  iodine^  selenium  and 
sulphur  may  be  regarded  rather  as  formative  principles.  The  formerj  when 
they  possess  considerable  specific  gravity,  impart  this  property  more  espe- 
cially to  the  compounds,  while  the  latter  generally  destroy  the  metallic 
lustre,  opacity,  an*l  great  condijctive  |>ower  of  huat  and  electricity  by 
which  metals  arc  diatingui.Hhed,  and  impart  to  the  compouiHls  peculiar 
chemical  charaeteri*,  f.  ;;,|  those  of  acids  or  saliliablo  bases.  There  is  more 
resemblance  between  the  compounds  of  oxygen  with  different  metals,  as 
also  between  the  several  metallic  chlorides,  sulphnrcts,  kc  than  between 
the  compounds  of  one  and  the  same  nielal  with  oxygen,  chlorine,  8ul- 
phnr.  Sec, 

a.  Deimtij. 

In  most  instances,  the  compound  occupies  a  smallor  space  than  its 
elements  taken  together  before  combination;  condensation  generally  takes 
place,  les3  frequently  expausion,  or  neither. 
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a.  Relation  between  the  Dcnuty  of  Gaseoua  Compounds  and  that  qf  their* 

Gaseous  EUments, 

Most  combinations  of  this  class  are  attended  witli  condetisation,  and 
always  at^cording  to  aimpic  rtjlatious  of  volume;  many  however  take  placo 
without  altcnitioD  of  bulk  so  that  the  compound  takes  up  the  same  space 
as  the  sum  of  the  elements  before  eomhination:  we  know  of  but  one 
combination  of  ^naes  which  is  accompanied  hy  expansion. 

These  relations  are  exhibited  in  the  folltjwing  table.  The  first 
division  includes  the  cases  In  which  no  change  of  volume  takes  place;  the 
second  those  attended  with  condensatioii ;  the  thinl  the  single  case  accom- 
panied hy  expansion.  But  few  organic  compounds  are  mentionc^i  in  this 
table,  as  their  relations  of  volume  will  be  fully  treated  of  in  another  place. 

Column  A.   Names  of  the  compounds. 

B,  Their  chemical  form u he. 

C.  The  number  of  measures  in  which  the  bodies  combine. 

D.  The  sum  of  these  measures  or  the  volume  of  the  elements  before 
combination. 

E,  The  number  of  measures  occupied  by  these  elements  after  com- 
bination. 

F*  The  atomic  weight  of  the  compound. 

G.  Spec.  gniv.  of  the  compound,  that  of  air  being  assumed  =  I. 

H.  Quotient  olitained  hy  dividing  the  sp.  gr.  hy  the  atomic  weight, 
f.e.  the  atomic  number, 

I.  Reduced  atomic  number,  obtained  on  the  supposition  that  1  vol. 
hydrogen  gas  contains  1  .  x  atoms  of  hydrogen. 

The  columns  F,  G,  H^  I  are  comparable  with  columns  B,  C»  D,  E  of 
the  table,  page  55* 

Since  the  specific  gravities  of  many  simple  substances  ^occurring  in  the 
compounds  hero  enumerated  is  not  known  from  observation,  we  are  obliged 
in  regard  to  them  to  calculate  the  sp.  gr.  and  thence  the  relation  by  volume 
hypothetic  ally.  Thus  from  analogy,  the  vapours  of  selenium  and  tellnrinm 
Lave  been  as.^umed  to  be  6-atomic,  that  of  antimony  2-atomic,  and  fluorine 
gas  together  with  the  vapours  of  carlwui,  boroa^  siliciura,  titanium,  tin  and 
bismuth  as  1-atomic.  Since  for  example  the  atomic  weight  of  tin  is  59 
times  as  great  as  that  of  hydrogen,  and  the  sp.  gr.  of  hydrogen  gas  =: 
00603,  the  hypothetical  sp.  gr.  of  vapour  of  tin  =  50  . 0-0693.  The 
atomic  weight  of  antimony  is  1*20,  and  its  vapour  is  supposed  to  be 
2'atoouc,  hence  the  hypotheliral  sp.  gr.  of  its  vapour  ia  2  ,  120  .  0*0693  ; 
to  find  that  of  selenium  wc  multiply  by  Q  .  40,  and  so  on.  The  hypothe- 
tical parts  of  the  c4ilcuktion  are  denoted  in  the  table  by  notes  of  interro- 
gation :  iti  most  casen  the  hypothetical  element  is  the  number  of  volumes ; 
in  ihat  of  nitric  acid  it  is  the  sp.  gr  of  the  vapour 
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H^rdriodk  add  »..^ 

H  jdrobromic  acid  ♦,,,.,.,,, 
H  jdrochloHi?  add , 

Hydrocyanic  acid *..*., 

Bromide'  of  cpmogen  , , , . ,  h 
Voktile  chloride  of  cyanogen 
Nitric  Oiide  ,,  „  .,.,,..,  ,, 
Hydriod.  pho9pk,  hydrogea,, 
Hydfobrom.  phoapb.  hydrogen 
Hydfvchlomt«  of  ammonia 
Hydrocyaaate  of  ammonia 
BIbydroetilpb.  ammonia  .  > 
Carbonate  of  ammotiia  , , « , 


SQlpburou.1  add    >,..,,,, 

SclpnigiiB  and    , . 

Sulphuretted  hydrofea  , » •• 
Selenlurctted  hydrogen  . . . , , 
Tellaretted  hydrogen.  ♦ , , , , 

Sulpburet  of  carbon 

Pbosphuretted  hydrogen  , . 
Ar»cniuTetted  hydrogen. .  * , 
Terchioride  of  pho2§phoms 
Iodide  of  arsemc    .,*.««., 

Chloride  of  ar^tiic, , 

Tercblofido  of  antimony   . . 

Water , , 

Csrbomc  oxide 

NitroQi  oxide» .  , ,  ...,..., 
Hyponitric  acid .,,...  .... 

Oiide  of  chlorine  >,!...** 
Sab-bromtde  of  mercury  , . 
Sub*chloHde  of  mercury  , , 
Snipbnric  acid   . .  . ,  .  i  . . . . 

Perchloride  of  phoapboma. . 
Ammonia  .............. 

Chloride  of  boron , 

Fluoride  of  boron  . .  .*...« 
Carbonic  acid. ,,,,,......, 

PliOigene  ^as  ...,......*♦ 

Chloro-suiphuric  add   . , , , , 
Iodide  of  mercury ..»,,... 
Bromide  of  mercury  ,,..,, 
Cbloride  of  mercury ..,,«., 
Chloride  of  bismuth  ...... 

Cyanogen  .,*.**,.....»,  ^ 

Chloride  of  dlicinm  ,..,,., 
Fluoride  of  sllidum  ..,..,, 
Chioride  of  titanium ,,...., 

Bichloride  of  tin 

Light  carba  retted  bydrugen  , 
Solid  chloride  of  cyanogen    , 

Nitric  acid  . , , . .,,,,,, 

Arsenioua  add  ....  * 

Bichloride  of  sulphur 

Olefiant  gas 

Gkdal  acetic  add  .*,..,,., 


B 

Formnla. 


Snlphuret  of  mercury 


IH 

BrH 

CIH 

CyH 

CyBr 

CyCl 

NO' 

P  HM  H 

PH»,  BrH 

NHi,  CIH 

N  Hi,  CyH 

N  Hi,  2S  H 

NH»,CO* 

SO» 

SeO« 

SH 

SeH 

TeH 

CS» 

PH- 

AiH< 

PC1» 

All* 

AiCl» 

SbCl* 

HO 

CD 

NO 

NO* 

CIO* 

HgiBr 

Hg*Cl 

SO" 

PCI* 

NHi 

BCl* 

BF» 

CO* 

CO,  CI 

S  O*,  CI 

Hgi 

HgBr 

HgCl 

Bi'Cl" 

NC* 

Si  CI" 

SiF» 

TiCl* 

SnCl* 

C«H* 

Cy"Cl» 

NO^ 

A»0» 

S«C1 

C*H* 

C*H*0* 

HgS 


C  D    E 

Volumes. 


U,  IH 
iBr,  m 

ici,  m 

iCy,  IH 
ICy,  IBr 
iCyt  ICl 
IN,  ID 
1PH»,  UH 
iPHMBrH 
INHMCIH 
iNHMCyH 
IN  H»,  is  H 
2NHMCOt 

IS,  60 

i?se,  eo 

IS,  6H 
l?Se,6H 
l?Te,  6H 
3?C,  IS 
IP,  6H 

lAii  en 

IP,  fiCl 
lAa,  61 
lAi,  6C1 

l?Sb,  6Cl 
2H,  lO 
2?C,  lO 
2N,  lO 
IN,  20 
ICI,  20 
2Hg,  IBr 
2Hg,  ICI 
1S/90 
IP,  lOCl 
IN,  3H 
1?B,  3CI 
i?B,  :i?p 
1?C,  lO 
IC  O,  ici 
iSOi,  ICI 
IHg,  II 
IHg,  IBr 
iHg,  ICI 
2?Bi,  3Cl 
IN,  2>C 
l?Si,  2C1 
I?Si,  2?F 
l?Ti,  2C1 
l.^Sn,  2C1 
2?C,  4H 
3Cy,  3C1 
2N,  50 

Ui,  ao 

IS,  3C1 
4?C,  4M 


aHg,  IS 


2  I   1 


weight 


127 

794 

SG-4 

27 
1D4  4 

61-4 

30 
161-4 

ns8 

534 
44 
51 
39 

32 

56 

)7 

41 

65 

38 

34  4 

78*2 
137  6 
453-2 
181-4 
235-2 
9 

14 

22 

46 

67-4 
2S1-2 
2:^3-2 

40 
20S-4 

17 
116-7 

fi6-6 

22 

49-4 

67*4 
227-4 

i79-a 

13(j'8 
313 

26 

85*6 

52  2 

9.V3 
129-8 

16 
184-2 

54 

99-2 

67-4 

29 

60 

117-4 


O 

Spec. 
gr*T* 


Atomk    & 
tiumber.   f 


4*3677 
2-7512 
1-2618 
0-9359 
3-6070 
2-1285 
1*0399 
2-7690 
19060 
0'S9(M> 
0-7700 
D-8840 
09000 

2-2186 

4-0000 
1-1786 
2-7950 
4-4900 
2*6345 
1-1910 
2-69^0 
4*8765 

16-1000 
6-3006 
7*8000 
0-6239 
0-9709 
1-5252 
1^7200 
2-3365 

10-1410 
6-3500 
3-0000 
4-8500 
0'5B93 
3-9420 
2'3124 
1-5252 
3-4249 
4-6650 

15 '9000 

12-1600 
9-800O 

11-3500 
1-8026 
5-9390 
3-6050 
6^8360 
9-1997 
0-5546 
6-39O0 

?3-7422 

13-8.^00 
4-7000 
0-&I706  I 
2-7400 

5-5100 


0-0344 
0-0347 
0-0347 
0-0S46 
0*0345 
00346 
0-0346 
0-0172 
0-0168 
0-0167 
0*0175 
0-0173 
0-0231 

0*0693 
0-0714 

0-0693 
0-0681 
0-0691 
0-0693 
0-0346 
0^0345 
00355 
0-0355 
0-034? 
0-0331 
0069.3 
0-0693 
0-0693 
0'0373 
00347 
00360 
0*0350 
00750 
0-0233 
0-0346 
0-0338 
0-034  7 
0-0693 
0-0693 
0  0693 
0-0699 
0-0676 
0-0716 
0-0356 
0-06fl3 
0-0693 
0-0690 
0-0716 
00708 
0-0347 
0-0347 
0-0693 
0.I3D6 
0-0696 
0-0317 
0-0457 

0-04G9 
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From  this  table  the  following  resnlts  may  be  dedaced:— 

1.  Conipouad  bodies  in  the  ETi^eous  state  are  nmrc  expanded,  and 
contain  fewer  atoms  in  a  given  volume  than  simple  substances  in  the 
«ame  state.  While  the  nimple  gases  are  6,  2,  and  l-atomic,  the  com- 
pound gases  are  never  6-atomic,  but 

a,  2-atoraic ;  arsenious  acid  ; 

L  1 -atomic  ;  water,  nitrons  oxide,  most  oxygen  acids,  the  weaker  hy- 
drogen acids,  such  as  sulphuretted  hydrogen  and  several  metallic  iodides^ 
bromides  and  chlorides,  soma  oontaining  one  and  some  two  atoms  of  the 
salt-radical ; 

€.  |-atomic,  sulphuret  of  mercury  and  glacial  acetic  acid  ; 

d,  4*tttomic:  oxide  of  cliloriucT  hyponitric  acid,  the  stronger  by dr acids, 
aneb  as  hydrochloric  acid,  ammonia,  compounds  of  3  At  hydrogen,  iodine, 
bromine  or  chlorine  with  1  At.  boron,  phosphorus  or  metals,  and  those  of 
1  At.  bromine  or  clilorino  with  2  At.  mercury  ; 

e,  ^-atomic;  anhydrona  carbonate  of  ammonia  (NH^  CO"),  perehlo- 
ride  of  phosphorus  ; 

/.  :l'atomic ;  compounds  of  hydracids  with  ammonia  and  with  pbos- 
ph  are  tied  hydrogen. 

It  is  scarcely  necea^iry  to  remark  that  by  |,  i,  ^i  or  ^atomic  gases, 
we  are  not  to  understand  gases  really  containing  two-tbir<ls,  one-balf, 
one-thinl  or  one-fourtli  parts  of  atoms,  hut  gases  of  which  1  volume 
contains  only  f,  ^,  J,  or  ^  as  many  atoms  as  an  equal  volume  of  hydrogen 
gas.  It  appears  as  if  the  greater  number  of  atoms,  which  together  form 
a  com  pern  nd  atom^  attach  to  themselves  a  greater  quantity  of  heat,  so  that 
the  compound  atom  becomes  surrounded  with  a  larger  calorific  envelope. 

2.  The  volume  of  the  oonstitnenta  bears  to  that  of  the  compound  the 
following  relations : — 

I  vof.  A  with  I  vol.  B  forms  2  vol.  AB,  therefore  1  +  1:2  =  2:2. 
To  this  case  belong  the  first  12  examples  in  the  table. 


I  +    1  r  I  :^    2 


a 

B 


2  = 

1  = 


3  = 
2  = 


1^  Carbonic  acid,  phosgene,  iodide,  bromide,  and 

chloride  of  mercury. 
3,  Neutral  carbonate  of  ammonia. 

2,  Water  and  the  0  following  compounds. 

1,  Cyanogen  and  the  4  following  comiwunds,  sujk 

posing  the  hypothetical  relations  of  volume 
to  be  correct. 

3,  Sulphuret  of  carbon,  with  the  same  limitation. 

2,  Ammonia,    with  the   2   following  hypothetical 


1  -f-    3  r  1  =    4:1,  Dichloride  of  sulphur,  arsenioiis  acid. 

1  +    6:9=    7:9,  Sulphuret  of  mercury* 

1  -h    6:6^^    7:6,  Sulphurous  acid  and  the  4  following  compounds. 

I  -j-     6:4=    7:4,  Phosphuretted  hydrogen   and  the   5  following 

compounds. 
1  +    9:6  =  10:6,  Sulphuric  acid. 

1  +  10  :  6  ^  U  :  6,  Perchloride  of  phosphorus* 
2-1-    3:2=    5:2,  Chloride  of  bismuth  ? 

2  -J-    5:2=    7:2,  Nitric  acid? 

3  +    3:2=    0  :  2,  Solid  chlorido  of  cyanogen. 

ft  Udaiwnt  between  the  Dtmity  of  Solid  or  Liquid  Compound$,  and  that 
of  their  Solid  or  Liquid  Constituents^ 

There  is  no  known  instance  in  which  the  combination  of  solid  or 

P  2 
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liquid  bodies  takes  place  without  alteration  of  Tolnroe.  ^  In  moet  caMS 
condensation  ensues^  very  rarely  expansion  ;  a  very  slight  expansion 
takes  place  in  the  combination  of  iodine  with  potassium,  lead,  mercury, 
or  silver,  of  sulphur  with  arsenic  (in  the  formation  of  the  red  sulphnret) 
with  copper  (in  the  formation  of  disulphuret  of  copper)  or  with  cadmium, 
(Karsten,  Boullay,)  and  of  lead  with  tin,  gold,  or  platinum  (Kupffer); 
also  a  considerable  expansion  in  the  combination  of  carbon  (of  3*5  sp.  gr.) 
with  sulphur  (of  2*0  sp.  gr.)  to  form  bisulphuret  of  carbon  (of  1*272 
sp.  gr.).  But  these  expansions  or  contractions  exhibit,  as  mi^t  be  ex- 
pected from  the  reasons  stated  on  page  54,  no  such  simple  relation  as 
that  which  is  observed  in  all  cases  of  the  combination  of  gases.  That 
some  approach  to  a  definite  relation  does  however  exist  oetween  the 
density  of  elements  and  that  of  their  combinations  in  the  solid  or  liquid 
state,  appears  from  the  labours  of  Le  Royer  and  Dumas,  Herapath  (PhiL 
Mag.  1824,  Nov,  321 ;  abstr.  N.  Tr.  11,  164),  Pol.  Boullay  {Ann.  Chxm. 
Phys.  43,  266,  also  Pogg,  19,  107,  also  N.  Tr,  23,  1,  208),  Karsten, 
Ammermiiller,  H.  Kopp,  and  especially  of  H.  Schroder. 

These  relations  are  exhibited  in  the  following  table,  which,  however, 
is  drawn  up,  not  according  to  the  Theory  of  Volumes  of  Kopp  and 
Schrdder,  but  according  to  the  Atomic  Theory. 

Column  A.  Name  of  compound. — B.  Formula. 

C.  Atomic  weight — D.  Specific  gravity  in  the  liquid  or  solid  state, 
that  of  water  =  1 . 

E.  Name  of  the  observer  of  the  specific  gravity.  Bg.  denotes  Bergman  ; 
Bk.  Brooke;  Bl.  Boullay;  Bt.  Breithaupt ;  Bu.  Bucholz;  By.  Bussy; 
Bz.  Berzolius;  Dm.  Dumas;  Dt.  Dalton;  Dv.  Davy;  £k.  Eckebeig; 
Fd.  Faraday;  Gb.  Guibourt ;  GL.  Gay-Lussac;  Gk.  Glocker ;  Hd. 
Haidinger ;  Hf.  Hoffmann  ;  Hr.  Herapath ;  Ke.  Kersten ;  Kf.  Kupffer ; 
Ku.  Karsten  ;  Kp.  Kopp ;  Kw.  Kirwaii ;  Ld.  Leonhard ;  Ms.  Mohs ; 
Mt  Mitscherlich ;  Ne.  Neumann ;  Ni.  Niemann ;  Ph.  Phillips ;  RD. 
Le  Royer  and  Dumas  ;  Rm.  Rammclsberg  ;  Rt.  Regpault ;  St.  Stromeyer ; 
Ta.  Taylor;  To.  Tbenard ;  Ti.  Thilorier;  To.  Thomson;  Un.  Unver- 
dorben  ;  Ur.  Ure ;  W.  Wbhler. 

F.  Quotient  obtained  by  dividing  the  sp.  gr.  by  the  atomic  weight ; 
this  column  is  therefore  comparable  with  column  D  of  table,  page  55. 

G.  Numbers  in  column  F  multiplied  by  770  and  then  divided  by 
0*0693  for  reasons  explained  on  page  55,  Hence  the  numbers  in  column 
G  show  the  number  of  atoms  of  a  compound  included  in  the  space  which 
would  contain  one  atom  of  hydrogen  in  the  state  of  gas.  Thus  then  the 
numbers  in  column  G  are  comparablo  with  those  of  column  E  of  table, 

rige  53,  as  well  as  those  in  column  F  of  table,  p.  55,  and  those  of  column 
of  table,  page  ^Q.     For  explanation  of  columns  H  and  I  seo  page  75. 


A 

B 

C 

Atom. 
Weiglit. 

D         E 
Spec.  Grnv. 

F           G 

Atom.  Number. 

H 

I 

Suboxide  of  copper 

Suboxide  of  mercury. . .. 

Wuter 

Potash 

Cu«0 

Hg«0 

HO 
KO 
N«0 
BaO 

71-6 

210-8 

0 
472 
81-2 

76-6 

6-3()0 
5-7.51 
6-093 
8-950 
10-600 
1000 
2-6.56 
2-80*> 
1-732 

Bl 
Kn 
Hr 
Kn 
Hr 

Ku 

Kn 
Kn 

0'07.10 
008<'3 
00851 
00425 
00507 
01111 
00503 
00899 
00618 

822 

892 
915 
472 
503 
1234 
625 
999 
687 

2,2 

6,1 
1,1 

1:! 

883 

475 

1234 

625 

1048 

Soda 

Baryta 

Magnusia, 

Yttria. 

GliicitiA 

Tboriiitt 

I'rutoxule  of  uranium. . . 
PrcHnxidc  of  iiuitigmiftw. 
Oxiiie  of  ;elnc 


Oxidr  ofcAtUfimcD  , 
Protoxide  of  tin .. , , 
IVoluxirle  of  lead  .  - 


Oxide  of  c<}(iper  ..,**., 
Red  oxide  of  merctir^ , , 


Oxide  of  aiJirer  . 


Bed  oxide  of  lUATiimiieae 
RedlBAd. 


Magnetic  oxide  of  iroa. 

;  artificinl ,...,... 

Alkimiun,  comndkim  . . 
— —  ruliT  ..,..,..,.. 
Oxiit«  of  dironnuiti  . . , 
Oxide  of  bi&naulb  .* « . . 


Peroxide  of  irooi  «|i<scular 
I      imo  ore 

I  Oxidf*  of  eobdt , 

i  at  nickel  , . . , 
s  of  hvdiogen . . 

D  aeiif 

iulphmmti  acid 


BHioi 

Oxide  of  tit<tninn]«  niiataw 

rtitile  , 

-  arliliciai  ......... 

f  Oxide  of  tuilgttru 

I  Oxidt*  of  luulybdiMinm  . . 
^roxide  «f  iiiaaf^ti&.e  . 
Pl^TQXUi«  of  till,  tiii»tnav 

-artiiidal 

■'■rtilidal ......... 

a  of  lead 


M  , 


id  . 


He  arid 

I  acid,  vitreoua . 


MgO 

yo 

GO 

ThO 

uo 

MiiO 
ZuO 

Cdo 
rtiO 


CuO 
HgO 

AgO 


Mn»0« 
PbaO* 


Fe>0* 
AI«0» 


Bi«0» 


Fe«0» 

CoiO« 

Ni«0* 
HO» 

so« 

TiO* 


MnO" 
MriO* 

s«o« 


PbO« 


BO^ 

T«0» 
W0> 


A»0* 


c 

1       ^ 

E 

F 

G 

1    ^ 

I 

AtOEl, 

V\  eight 

.    Sj>m;.  Grav. 

Atom.  Ntmaber 

63 

»-».12    Kii 

1  0  0766 

840 

as-5 

3'lttl     Kn 

0-1  loo 

1*232 

3*nw    HI 

oniiS 

12t"10 

90-7 

»"3<>0     Ivn 

0  1.>I0 

1718 

4U3 

4-842    Ek 

on;: 

iau8 

267 

2*«rS7  '  Kk 

OllAo 

l*i.s3 

070 

9i02 

\Bz 

0  1 400 

1,>02 

TM 

7'1U3 

'k« 

OOTllW 

351 

3.1 

347 

ma 

4-7'itt 

iHr 

0  JJW7 

H74 

lA 

1407 

4U-2 

iVtWXl 

BJ 

O'lat^a 

15  J8 

1.1 

1533 

6  7:U 

Kt. 

0*N2«1 

UHl 

6:i'8 

U'llfiO 

Ki) 

0-10*<0 

1*210 

1,1 

1320 

tt7 

tt-«aw 

Hr 

OOOWl 

1101 

IJ 

1034 

111-8 

tt'^m 

Rn 

0'0>82a 

044 

1.1 

014 

»-2?7 

Hr 

01)820 

021 

g-AOO 

Bl 

0  0*«49 

043 

99-8 

fl*4(ll 

Ut 

0'lfl08 

1787 

IJ 

1703 

*  0*430 

Kii 

01016 

1705 

100*4 

11*000 

Bi 

11-1005 

1117 

LI 

1148 

11-ieii 

Ku 

01 023 

1137 

U-2IHJ| 

kiu 

0  1032 

1147 

116-1 

7*143 

Hr 

OOflli 

083 

3,1 

700 

7»260 

Bl 

ii'Ofm 

O03 

8-2^6 

Km 

0  0711, 

7ini 

114-8 

4-72-J 

Hd 

0*0111 

457 

4*4 

466 

3134 

s-nw 

Kn 

on2iSi 

270      : 

1,4 

383 

iiom 

Ur 

U0204 

203 

liati 

fioyi 

M» 

00448 

4t^ 

3.4 

600 

5i€0 

Bl 

0  0475 

*%-2H 

M4 

3*fK)i/ 

Ms, 

ii'dim 

H-7 

a^fijsi 

Br  ; 

OOfiis? 

7o;j 

80-2 

6*210 

Wl 

0-0«5<J 

722 

2.2 

719 

3ad8 

8173 

Kq 

0-0345 

383 

3,3 

411 

8*41© 

RD 

0-0357 

300 

8"Uli8 

Bl 

0-03*0 

421 

78'4 

0'2Si 

Mi 

O-OGtiO 

743 

8,2 

714 

88-a  : 

6^(m 

Bl 

0*0678 

748 

3.21 

74S 

882 

4'8^i« 

Hr 

l*'058a 

018 

!t.2 

713 

17 

li6'i 

Te 

0  0*<5i 

$)40 

2.1  1 

364 

22 

0*830 

Ti 

0-0377 

410 

6.0 

434 

33 

irjo 

Fd  1 

0-0444 

4t»3  1 

1,3 

501 

1   IJJO 

By 

0-04^3 

mfi 

306 

2052 

RD 

0-0861 

057 

4U-fi 

382<} 

Mm 

00915 

I05Q 

3t  I , 

1110 

4>24» 

Ma 

0-104(1 

im 

8*031 

Ku 

0-0071 

1070 

111 

12-111 

Kn 

0-1 001 

1212 

t.a 

1178 

04 

fiOtMJ 

B£ 

0EI870 

073 

3*1 

1023 

48  •« 

i'04O 

Hd 

0-1133 

126» 

3.1 

1271 

7fi 

fi-060 

Mm 

0-00^8 

loat 

1*1 

1034 

6-UtKI 

Bi 

oo»a*> 

1022 

a-ASU 

Hr 

0*ftH85 

083 

110*8 

8*wm 

Hr 

00748 

825 

IJ 

848 

8  una 

Km 

00746 

828 

9100 

Bl 

0<»7e7 

852  , 

438 

1*H30 

iU) 

00530 

684 

tJ 

SIS 

40 

lii/O, 

Br 

0OIU3 

617 

1.3 

644 

2m 

fl*^fU» 

l-/k 

0M3U 

346 

110 

fi  2*1 

Hr 

OOHH 

i»2 

3,3 

086 

t»-»20 

Bit 

0-0514 

671 

7'NU 

Ku 

flOOOO 

067 

73 

3^  HM» 

ng 

0*0180 

640 

li 

640 

oo-s 

a(iU8 

RD 

00373 

113 

5,1 

430 

3703 

Kit 

0  087  a 

411 

8*781> 

Gb 

00:t77 

110  ' 

70 


APnNITY. 


C 

Atom. 
Weight 


D        E 
Spec.  Gnr. 


F  O 

AftoiB.  Nidnbcr. 


$Miit4i 

iUmmtkm 

HMfimMmtm  t4  |MU«k  .... 


i— -itkef     

^^  llMM,  aiU;ii|i«r« 


CithHmHim  Iff  iMMigaiMMf 
(Mi) 

iiwiU$mlm  t4  aUw  (iMt.). . 

ilmhmmatm  uf  rwliiiiiiui. . 

aKilkiii  irirti    
«aillM<«|iiu' 

ArreifKfflUi 

mUmitm 

Niri/fHUuiiUi 

<;flrb*»iMie  uf  UhmI  (luit). . 

<fiiiili«ill<t 

li«#r«<:tUi 

M«il|ftiiftUf  ul  |MfUji)i 


Hul|ilmt«  of  a^KU. , 

fiiilphato  iifftilvfr  . 

xilM; 

c4f|i|Hir 

' IfUlKIIMliM  . . . 

IfllM 


Miil|ftm(ii  (*r  iilrffiiliii,  itrUr. 

-  —  KwU-M'ui 

Hvmvy  %inkr 


Hiiiiitiiuiturk'Mi.. .. 


CUrtrtttBUi  of  iiotiub  .... 
■!«*!  

Tmptelii  uf    tun    


If  0^bdUl»  uf  Ip«d  . . 
I4ltral«  4it  mmmimii.  . 
' poUah 


mnIii 

—  iiilfor 

barytii 

Ktmntiu 

h»*d 

AiHiUto 

I'bo^h.  leail  (iiativp)  . 
Anen.  lead  (imtivv)  . . 


A»0> 
HbU* 

<:!<►♦ 

Hb(l« 

A»()* 
Hb()* 

MkO,A1«0> 
FeO/ri<)« 

NaO,(M>« 
Ago.  CO* 
CuO,  CO* 

MkO,CO< 

Mil O,  CO* 

ZiiO.CO* 

Ciio,<;o* 

PfO,CO« 

MkO,  F«0/iCO> 

CaO.CO* 

lluO,  CO* 

HrO.CO* 

111 O,  CO* 

FrO.  (^O* 

:)MkO,iiio» 

KO,  HO* 

Nil O,  HO' 

Ako,  HO^ 
/liO,  NO* 
CiiO,  hO> 
MffO,  HO=* 
<:iiO,  H(P 

SrO,  HO> 

lUO,  SO* 

TbO,  SO' 

KO,  (>(P 
I'bO,  CrOa 
KO.iCrO' 
CaO,  \VO» 
I'bO.  WO' 
l»hO,  MoO' 
N  H4  O,  N  O* 
K  O,  N  0» 

NoO,  NO* 

Ak  O,  N  o» 

HttO,  NO* 

SrO,  NO* 

I»bO,  NO* 

CaCl  +  3(»CaO,  PO*) 

PbCl  +  SCJPbO.PO*) 

PbCl  +  8(8PbO.  AtO*) 


90^ 

168 

67-4 
46 
161 

116-3 

109 
721 
76-7 
69-3 
63*3 

188-1 
60-6 

437 
98-3 
670 


63-3 

868 
67-3 
999 
60-6 
98-6 
74 

188-8 
67  3 

3()l-3 
87-3 

713 

1601 
8<)-3 
798 
007 
086 

93 

1100 

I 
161-8 

90  8  1 
1080  I 
161-4 
147-6  ' 
280-8  : 
18:j-8 

80      ■ 
101-2 

86-3 

170-1 ; 

180-0  ' 
100 
105-8 
620-0 

18690 

1491 


8-798 
3-096 
6'6m 
6-778 
1-600 
1-461 
6-636 
6-606 
8-784 
6-636 
8-660 
4-760 
3-36 1 
3-466 
6-070 
3-731 
3-760 
8-066 
3-884 
8-660 
8-693 

4-876 
4-443 
4494 
8-873 
8-366 
3-981 
4-803 
8-634 
6-428 
8-818 
3-966 
3033 
3002 
2031 
3-102 
6-341 
3-400 
8-672 


Ta 
Gb 
Ma 
Bl 
Ni 
OL 
Bj 
Ku 
Kq 
Bl 
Bt 
Kf 
Ku 
Ko 
Kd 
Ms 
Ne 
Ms 
Ms 
Ma 
Ma 

Ko 
Ma 
Ku 
Ne 
Ma 
Ma 
Ku 
Ku 
Kn 
M» 
llin 
Kn 
Kp 
Ku 

Kn 
Kn 
Kn 


2-007  I  Kn 

2027  I  Ku 

2-900  RD 

3-688  '  Kn 

3-068 

4-200 

4-410 

0109 

0-208 

2-010 

0-OO4 

2-003 

0-040 

8-000 

0-700 

1-707 

2-068 

2101 

2-220 

4-866 

3-186 

2-810 

4-400 

3  326 

7-050 

7-208 


Ne 
Kn 

M8 

Kn 
Ne 
Kn 
Mb 
Kn 
Kn 
Ld 
Ms 
Kp 
Kp 
Kn 
Kn 
Ku 
Kn 
Kn 
Kn 
Ms 
Ke 
Ms 


0-0888 
0H)868 
0H)868 
0H)878 

0H)816 
0KM06 
OHMie 
0i)834 
0-0386 
0H)493 
0-0630 
0H)S37 
0-0468 
0-0440 
0H)630 
0D644 
0-0716 
0-0809 
0-0616 
0-0034 

0-0708 
00714 
0H)638 
0-0676 
0-0836 
0-0680 
0-0486 
0HM89 
0-0480 
0-0666 
0-0147 
0-0801 
00305 
0-0309 
0-0340 
0-0843 
0-0424 
0-0448 
0-0429 
00427 
00433 
0  0300 
00480 
0-0300 
0-0381 
0-0400 
0-0414 
00200 
00300 
0-0172 
00400 
0-0340 
0  0307 
0-0218 
0-0208 
0-0207 
0-0201 
00260 
00244 
00205 
0-0206 
00001 
0-0062 
0-0408 


436 
408 
408 
49U 
S47 
860 
460 
461 
860 
439 
647 


614 
480 
600 
604 
794 
848 
684 
608 

781 
708 
681 
761 
873 
8U 
484 
648 
688 
740 
168 
834 
889 
410 
884 
880 
471 
498 
477 
474 
480 
438 
478 
400 
428 
461 
460 
395 
407 
101 
454 
884 
408 
237 
326 
230 
290 
2M 
271 
204 
204 
08 
6S 
68 


».l 
7.1 
«.l 

tl 

i.l 

i.l 

i.| 
ii 


k.l 


1.1 

1,J 

l.i 
lA 
hi 
1,4 

i.i 

hi 
hi 


1.1 
1,1 
hi 

1.1 

hi 


^ 

H 

■ 

I 

^J 

r 

■ 

1 

■ 

■ 

DENSITY   OF   COMPOL 

NDS. 
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A 

B 

c 

Atom. 

I>        E 

V 

G 

H 

1 

Weight 

Spec.  Grav. 

Atom.  NumlM^T. 

Ujdrute  of  chlorine 

CllOHO 

ia^'4 

I '300 

Fd 

o-ooww 

107 

8,1 

102 

H  vdrati*  of  p{»tiisb 

K  O,  H  U 

d6-3 

2*100 

Dt 

0  0373 

414 

IJ 

41d 

lljdrat«o(«ridii 

Nil  0.  H  O 

40-3 

3000 

Dt 

0'04B7 

662 

I A 

56a 

MangAniic «  . « 

MnM)\  HO 

B8'3 

4-a^ 

Hd 

0  0490 

544 

Cnr*liiJliifttl  bciriinic  iiciJ. 

ltO\3HO 

68-8 

I*47» 

Kw 

OOlOtl 

184 

SulphurKT  acid  wiih  I  At 

SU\HO 

46 

i-8U 

00376 

418 

il 

433 

mater 

—  2  Al 

54  0».  3H  0 
S  0«,  3H  O 

1-780 
11133 

Dt 

Vt 

00317 
0iJ243 

3*3 
370 

1,1 

260 

^—  3  At 

Selt*uic  AcUl  with  1  At    . . 

St-O*.  HO 

7S 

2'tsm 

Mt 

0  03*6 

306 

Nitric  iirid  ftith  1  At  ..  .. 

N  0*,  H  O 

63 

1-531 

m 

0  0241 

268 

GypwAtfi   , , 

CttO.  SO»,  2H0 

86fi 

3-333 

nu 

0*036?* 

208 

Crrstahi/ed    sulptimte   of 

Mn  0,  S  O^  4H  O 

130  5 

3*031 

Ep 

0  0178 

108 

maiit^ije»o 

CfjiU  9Li!|fhiile  of  copper. 

Cu  O,  s  o»,  SH  O 

124  8 

2*274 

Kp 

0*0182 

202 

MgO,SO*,7HO 
Zn  O,  s  iy»,  7U  O 
NiO,  S0«,  7H0 

133-7 

1*761 

M» 

0-0141 

166 

143  3 

140' 6 

3*03^ 
3  037 

Ma 

Kp 

0-0 1 42 
00146 

168 
161 

—  nickel .- 

NH*0,MKO.3SO»,aHO 

lWO-7 

I72i 

To 

0-00tf6 

106 

-  — ■  tii&tig^  aii/d  aminottia 

N  H*  O,  Mn  0/2S  0«,  BH  O 

le^-o 

1'930 

To 

0-OOflii 

110 

K  O,  Zn  O.  2S  0*,  6H  0 

221-4 

3*153 

Kp 

0*0097 

108  ' 

*^-^  nickel  Miiici  amjzionia 

NH*O,NiO.aSO»,0UO    1 

lW7-ti 

19U 

Kp 

0'(KI«7 

108 

ivD,NiO,  a8  0»,ftH0 

NH*O.CaO,3SO\0HO 

218  8 

2- J  33 

Kp 
Kp 

0'0W7 

108 

^  copper  urid  ammonia 

lyo-8 

1-767 

000«8 

98 

K0,CuO,2SOa.flHO 

N  n*  O,  Al«  0^ 4S  0\'2iU  0 

321 

3*137 

Ki, 
Kp 

0  00&6 

107 

*;          .....  .... 

44a  4 

1-630 

0-0036 

40 

- — -  damiiui  and  potaali. 

KO,A1^0^4S0^24HO 
K  O,  Ct"  0^4S  03,  24H  O 
N  H*  Op  Fe*  0^,  4S  0',  SlH  O 

474  a 
60S '4 

1724 
1-848 
I  •713 

Kp 

O0O36 
000117 

40 
41 

4*J0^4 

O'ooafl 

40 

aniniodia 

Hydrofluoric  ACid 

II  F 

1&7 

1061 

Dt 

Oi)638 

698 

Fluonptir. ,.,..,, .' 

C»F 

3»3 

lai-a 

31M 
3-730 

Un 

0  imm 

fr02O7 

802 
330 

IVrfluoride  of  ar^nic .  ^ . . 

IHchlorirlo  orstilpliiir 

S«C1 

07-4 

1-687 

Dm 

002*0 

27H 

],i 

378 

Dicliloride  of  cv/ppf  r. .  - ,  . 

C'u«  CI                                     1 

^9 

a'<i7« 

Kn 

00371 

412 

1.0 

414 

Diflil.<riid<f  o(  uivTcnry  .  .  . 

Hk«C1 

3S8*3 

a*0O3 

Kn 

0  02l>3 

325 

1,1 

a26 

Pn*ti»rhlorldc  of  sulphur  , 

SCl 

61-4 

1630 

Dm 

0  0316 

850 

M 

848 

N  H*  CI 

634 

1-624^ 

&: 

0  0281 
00286 

312 
318 

Cfalafideorpotustuni  ... 

KCI 

740 

l-«46 

Kn 
Kp 

0-0267 
0<>260 

286 
380 

ui 

29% 

Cbkiri<t«  of  sodmm 

NftCl 

*86 

2078 

Ku 

OH>365 

394 

n 

1:1 

38ff 

143^ 

IMS 

6-501 
6'403 

Kn 

Kn 

0-0383 
0*03»6 

426 
430 

417 

441 

I'n>totb1undf  of  mcreur)- . 

CbK>ri«te  oNflftil  .    , 

1%  CI 

iao3 

d802 

Kn 

0  0418 

461 

460        _ 

CtUoride  of  b«riuEn  »««... 

B«a 

104 

a-704 

a^8<so 

Kn 

Bl 

01V366 
0  037! 

306 
412 

1 

Chlorida  of  ttfontinm .... 

SrCI                                        1 

70*4 

3-eoa 

Kn 

00363 

302 

■ 

Chloride  of  c^kmoj 

CaCl 

A60 

3*040 
3*314 

Rn 
Bl 

00304 
0-0308 

404 
440 

1 

Terehlorid?  of  plioftphoru» 

PCP 

1970 

1-440 

Dv 

0  0106 

117 

2  J 

117       ■ 

ChlonMttilpbiinc  acid> . .  , 

SO*  CI 

(17-4 

16^8 

Rt 

0-0674 

740 

■ 

Di^faromide  ot  of  merctiTj . 

Hr«  Br 

2813 

7*307 

Kn 

00200 

380  i 

Ul 

387        ^ 

Bnnnide  of  potAMinm .... 

KBr 

117-6 

3  416 

En 

0-0206 

328 

2.* 

337 

Bnniidfiorli^iul 

l»bBT 

1833 

6-<J30 

Kn 

0-0363 

403 

ii 

417 

Protobromidr  of  mercury . 

HgBr 

170*8 

6-930 

Kn 

0-0320 

305 

h% 

356 

Bromide  of&iWer 

AgBr 

]8e-6 

09^8 

Kn 

0  0340 

&78 

s.t 

870 

DiHiididirorDierGoiT  .... 
lodidsofpotMiliin 

h|>i 

ases 

7-644 

Kn 

00232 

2.^8 

1,1 

26* 

KI 

idA'3 

2-1»08 
a-104 

Kn 
Bl 

00176 
0  0187 

195 
308 

1*1 

190       ■ 

lo^dtoflead 

Fbl 

330-8 

6021 

Kn 

0(i263 

3t^l 

J,t 

205        ™ 

PMtioiKd«  of  tnrrciirf  . . . 

ngi 

337*4 

0-3(Kl 

Kn 

(►0273 

303 

1.1 

m^ 

Todid«of«lv(T 

Agl 

3S41 

6-O30 

Kn 

0  0214 

238 

1.3 

211 

A'014 

Bl 

0*0240 

267 

Sulphitreiled  hjdrogen  . . 

HS 

17 

OflOO 

Pd 

00629 

*8« 

2.3 

678 

C«i8 

me 

5*d77 

Rn 

0  0761 

831 

1*1 

J 

72 
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A 

B 

C 

Atom. 

D        E 

F 

G 

H 

I 

Weiglit. 

Spec.  Grav. 

Atom.  Number. 

Di-«ilphiiret  of  copper  . . . 

Cu«S 

79-6 

5-792 

Hr 

0-0728 

809 

SulphureC  of  mangmnese. . 

MnS 

430 

4-000 

Ms 

0*0917 

1019 

1.1 

070 

zinc 

ZnS 
CdS 

482 

71-8 

8-928 
4-605 
4-800 

Kn 
Kn 
Hk 

00818 
0-0641 
00668 

903 
712 
742 

1.1 
1.1 

878 

768 

ProtowlphnretofHn.... 

SnS 

75 

4-852 
5-267 

Kn 
Bl 

0-0647 
0-0702 

719 
780 

l.f 

780 

Salphnretoflesd 

PbS 

110-8 

7-505 

Kn 

0-0626 

695 

«,o 

004 

nickel 

NiS 
CuS 

456 
478 

5-200 
4-163 

Gk 

Kn 

0-1140 
0-0871 

1267 
968 

1.1 

Protonilphuret  of  copper  . 

964 

Cimutbar 

HgS 

AgS 

117-4 
1341 

8-060 
6-850 

Kn 
Kn 

0-0686 
0*0552 

762 
618 

l.ft 
1.1 

767 

Sulphuret  of  silver 

004 

nilver  and  copper  . . 

Cu«AgS« 

208-7 

6-255 

St 

0*0307 

841 

Sulphuret  of  bi^math  .... 

Bi«S» 

2»08 

7000 

Kn 

00268 

298 

a.i 

900 

CS« 

88 

1-272 

Be 

0*0835 

872 

8.8 

070 

Kealgar 

AsS* 

107-2 

8*544 

Kn 

0  0331 

868 

1:1 

S70 

MoS« 

80 

4-690 

Hf 

0-0586 

651 

040 

Mosaic  gold 

SnS* 

91 

4-425 

Bl- 

0-ai88 

542 

l.t 

001 

4-600 

Kn 

0-0505 

561 

Iron  pyrites 

FeS« 

60-2 

5-188 

Hf 

0-0875 

972 

l.l 

004 

Orpimeut 

AsS' 

128  2 

8-459 

Kn 

0-0280 

811 

i.¥ 

010 

8-650 

Bl 

00296 

829 

Tersulphuret   of    anti- 

SbS> 

177 

4-884 

Bl 

0*0245 

272 

i.« 

070 

mony 

4-752 

Kn 

0K)269 

299 

Persulpharet  of  bydrogen 

HS» 

81 

1-769 

Te 

0^218 

242 

6.6 

000 

Cubalt-glance 

Co  As,  Co  S* 

166*4 

6-298 

Ms 

00378 

420 

Niclcel-tflance  .......... 

NiA8,NiS« 
8AgS,ARS> 

166  4 

6-294 

Bt 

0-0378 

420 

*^»m^..*-.  |^.....%^«»  .......... 

Kubj  silver  (light) 

499-5 

5-524 

Ms 

00111 

124 

(darki 

8AgS,Sb,S» 

5498 

5-831 

Ms 

00106 

118 

\ufu  m;..  ....••.... 

Altboagh  tlie  numbers  in  column  F  bear  to  one  anotber  exactly  the 
eame  ratio  as  those  in  G,  and  botb  may  therefore  be  used  for  calculation^ 
I  have  nevertheless  in  the  following  comparisons  and  calculations  confined 
myself  to  the  use  of  those  in  G,  because  these  numbers  admit  of  com- 
parison not  only  with  those  of  table,  page  66,  but  also  those  of  tables^ 
pa^s  53  and  55.  From  this  comparison  of  the  tables  we  may  draw  the 
following  conclusions : — 

i.  A  space  which  will  contain  1  atom  of  hydrogen  in  the  gaseouo 
state  is  capable  of  holding  the  following  numbers  of  atoms  of  the  follow- 
ing compounds  according  as  they  are  or  are  not  in  the  aeriform  state; 
water  1  and  1234 ;  carbonic  acid  1  and  419;  sulphurous  acid  1  and  500; 
sulphuric  acid  1  and  547;  arsenious  acid  2  and  420;  oxide  of  chlorine  ^ 
and  247 ;  hyponitric  acid  ^  and  350  ;  sal-ammoniac  ^  and  312 ;  dichlo- 
ride  of  mercury  i  and  325 ;  protochloride  of  mercury  1  and  439 ;  ter- 
chloride  of  phosphorus  ^  and  117 ;  chloro-sulphuric  acid  1  and  749 ;  di- 
bromide  of  mercury  ^  and  289 ;  proto-bromide  of  mercury  1  and  365  ; 
di-iodide  of  mercury  ^  and  258  ;  prot-iodide  of  mercury  1  and  303  ; 
sulphuretted  hydrogen  1  and  588 ;  cinnabar  |  and  762  ;  bisulphuret  of 
carbon  1  and  504.  The  highest  degree  of  condensation  that  takes  place 
in  the  passage  of  a  body  from  the  gaseous  to  the  liquid  or  solid  state 
amounts  therefore  to  1234  times  (water);  the  lowest  to  210  (arsenious 
acid).  These  numbers  also  show  the  incorrectness  of  the  law  enun- 
ciated by  Persoz  (page  57).  Since  1  litre  of  vapour  of  water  at  0° 
weighs  0*8003  grammes  and  1  litre  of  water  1000  gr.,  Persoz,  divides  the 
weight  in  grammes  of  any  compound  in  the  gaseous  state  by  0*8003  in 
order  to  get  the  sp.  gr.  of  the  same  compound  in  the  liquid  or  solid 
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state.  In  the  case  of  sal-aniDioniiic  tliis  gives  a  correct  result;  for 
^  :  312  =:  1  :  1248,  or  iwrcorJin^  to  Pcrsoji,  1  litre  of  sal-ainmoniao  vapour 
wcigbing  1"196  grammes,  o'-Vo^nr  =  1*49  =  sp.  gr,  of  eal-ammouiac.  But 
Peraoz  assumcH  in  opposition  to  experiment  that  tbc  2-atoinic  vapour  of 
arseuious  acid  and  tlio  l-atomie  vapour  of  sulpliuret  of  carbon  are 
^-atomic,  and  tbat  the  ^-atomic  vapour  of  calomel  ia  -^-atouiic,  in  order  to 
bring  out  results  toleraldy  near  the  truth. 

2.  The  atomic  uumher  of  a  compound  is  generally  smaller  than  that 
of  either  of  its  elements.  The  only  known  exceptions  to  this  rule  are 
the  following  :  potassium  245,  potitsh  (125,  chloride  of  potassium  285; 
Bodium  466,  soda  099;  chlorine  464,  chloride  of  eilver  425,  proto-chloride 
of  mercury  439,  chloro-sulphuric  acid  749.  Snch  condensation  therefore 
shows  it«o!f  in  tho.^e  euhstances  only  which  have  the  smallest  atomic 
numbers,  and  but  stddom  even  in  the.^o. 

3.  Aminermiiller  has  shown  that  a  compound  of  two  substances  may 
often  have  a  new  quantity  of  one  of  them  atided  to  it  without  perceptibfe 
alteration  of  volnnvo,  so  tliat  the  sp,  gr.  of  the  compound  increases  just  aa 
much  ag  the  weight  of  the  tiuperadded  aubstiince,  v,  j.  : 


Ca^. 5'108 

O .„  0  643 


C\i\ 5-108 

0* 1-285 


Hg* 10^284 

0... 0-406 


Hg^ 10-284 

0-.. 0-812 


Sp.  Gr... 

Sn.. 

0 

.,  5  751 

,.  5*846 
..  0793 

Sn 

6-393 

.  .   5-846     Pb„ 
..   1*566     0... 

10-696 

...    7-437 
.  .    0-573 

Pb 

0,..,. 

11-096 

...    7'437 
ri46 

i^'OIO 


8-583 


Sp.Gr....  6-639  7'432 

It  appears  from  this  that  when  tj'75l  parts  of  suboxide  of  copper  tjike 
up  0  643  more  oxygen,  without  alteration  of  volume,  the  *?p.  gr.  increases 
from  5-751  to  6-393,  that  is  by  U042,  and  similarly  in  the  other  three 
cases*  With  some  compounds,  however,  it  is  necessary  to  multiply  liy  a 
fraction  in  order  to  determine  tiie  sp,  gr,  of  the  higher  compound  from 
that  of  the  lower,  e,  g,  : 

H 0-111         H 0-111       ,  ^^^    3  _  .  ,,. 

0 0^889         O^ 1778       »-889*i-  1"^1' 


Sp.  Gr.       I'OOO  1-889 

The  observed  sp.  gr.  of  H  0-  is  1-452,  which  is  still  eomewliiit  diie- 
feiit  from  1*417.  In  the  ca^^e  of  Sn  S  and  Sn  S',  Hg- CI  and  Hg  Ch, 
Hg*  Br  and  Hg  Br,  the  required  fiietor,  acncording  to  Ammeruiuller  is -|; 
in  that  of  As  S*  and  As  S^  it  is  |.  These  calcnhitions,  hoMever,  give 
nothing  more  than  distant  approximations  to  the  sp.  gr,  determined  by 
experiment.  Moreover  if  we  consider  that  in  the  case  of  suboxide  of 
mercury,  Herapath's  fletennination  of  the  sp.  gr,  which  differs  so  widely 
from  that  of  Karsten  has  been  taken  us  the  basis  of  the  ailculation,  and 
in  that  of  protoxide  of  lead,  the  very  low  determination  of  Le  Royer  and 
Dumas  which  was  made  upon  the  oxide  iu  its  vitreous  state  {and  perhaps 
therefore  contaiuing  silica),  it  appears  very  doubtful  whether  the^e  few 
examples  ought  really  to  be  taken  as  the  foundation  of  a  law,  or  whether 
they  should  not  rather  be  regarded  as  purely  accidental.  On  the  other 
hand  these  rehitions  may  be  mo.'^t  conveniently  traced  by  means  of  the 
numbers  in  column  G  of  the  table.  The  atomic  numbers  are:  of  Co*  0 
892,  of  Cu  0  171^5,  therefore  nearly  double,  inasmuch  iis  by  the  addition 
of  1  At.  oxygen  to  1  At.  Cu-  0,  there  are  produced  2  At.  f%i  O  ;  of  Hg'  0 
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tftm  47tl  to  563»  of  H^  0  1 137,  the  same  proportion  therefore  but  not  so 
tffXfl/;! ;  of  Kii  O  1 101,  of  Sn  0'  from  983  to  1023 ;  of  Pb  O  914  to  94a, 
of  l*h  O'  M2.^  Uf  Hr>'2,  thoroforo  nearly  equi^  atomic  numbers ;  of  Hg"  CI 
H*zr,,  of  Hk  ^^  '^d^i  =  3  :  4 ;  of  Hg'  Br  289,  of  Hg  Br  365,  =  4  :  5 ;  of 
Upt'  I  UH,  of  Jig  I  303,  =  5  :  6 ;  of  Ca'  S  834,  of  Gu  S  968,  =6:7; 
of'AifOM03t«i  425,  of  As  0' 360,  =  15  :  14;  of  As  S' 368,  of  Ajb  8*311^ 
^5:4;  but  all  ilicsi)  relations  are  merely  approximate. 

4.  Kopp,  like  l^e  Uoyor  and  Dumas,  makes  use  of  atonue  Tolnmes 
(«M  iMgit  57).  Ho  fonnerlv  determined  the  atomic  volume  of  a  oom- 
|ioiind  by  Mukijoctiiig  tlioMo  of  its  elements  to  a  complicated  calculation  bj 
liMAilif  of  variouM  ciMilllcients :  lately  he  has  for  the  most  part  approximated 
Up  Hf'Jirif'Hbfr'M  iiiothoil  of  calculation. 

5,  Ht'krMfTM  Theory  of  VoIhimb,  By  dividing  the  equivalent  of  a 
ifuUiiiiMto  l»y  itM  M|NM:inc  gravity,  SchrOdor  obtains  the  Equivalent  volume, 
wU'U'.U  U4iriit*M  with  tliti  atomic  volume  of  Kopp  in  value  but  differs  from  it 
in  *Jgiiirt<Hition,  itiiuttiiui!h  ns  ocjuivalent- volumes  may  be  adopted  even 
w\t*tu  iUtt  aUimic  thifory  is  discarded.  The  meaning  of  the  term  has  been 
ali'iiiMly  exfilaiiMfil  (j»ago  57).  The  atomic  volume  or  equivalent  volume^ 
itt  ilio  rftciprocttl  oi  tliu  atomic  number,  so  that  if  the  atomic  number 

^ 'A,  tho  eijuivalont  volume  may  be  denoted  by^.    Schroder's  equiva- 

lifht  voliimo  or  Ko])|i*m  atomic  volume  may  be  reduced  to  the  atomic 
$ium\H*r  uu  folio WM  :  Both  aro  foundo<l  on  the  atomic  weights  of  Berzelius 
(that  of  oxygiin  ~-  100).  ThuN,  for  example,  the  atomic  weight  of  sul- 
phur iHfiiig  20ri0  and  its  sp.  gr.  THH,  its  atomic  volume  is  201*16  :  1'98 
--  JOl'O.  if  now  the  atomic  weight  of  oxygen  =  8  instead  of  100,  the 
Mjuivahtnt-volunio  muMt  ho  diminiHhod  iu  the  ratio  of  100  :  8,  (100  :  8 

IOI«  :  HI2«).  llnnro  if  the  atomic  weight  of  oxygen  =  8,  the 
I'ljiiiviili'iit  voliiiiin  of  Nuli)liur  =  8*120  :  and  dividing  1  by  this  number 
¥ft:  ohtiiiii  thoiitoitiic  iiuitihor  of  Hnl|>hur,  viz.  0*1234.  In  the  table,  page  55, 
niliiiiiti  1>,  tlio  titoiiiir  iiiiinhor  of  Hulphur  is  somewhat  greater,  viz.  0*1250, 
\tM'uiiMi  tho  iitoiiiifi  woiglit  from  which  it  was  determined  was  rather 
MimlU'r  iLiid  itM  h[i.  gr.  groutor.  In  order  then  to  reduce  the  equivalent 
vohiiiid  of  H<;lirod(T  to  the  atomic  niimhor,  we  must  multiply  by  y|^  and 
divido  I  liy  tlio  product;  and  convorsoly,  the  reciprocal  of  the  atomic 
tiiiiiilmr  givim  in  tliiN  work,  multiplied  hy  J^^A.^  gives  the  equivalent  volume 
of  Ht'.Ur'utlvr.  Now,  iwT.ording  to  Schroder,  the  equivalent  volume  of  a 
r^Miipoiiiid  \h  iKjual  to  the  NUin  of  the  e(|uivalcnt  volumes  of  its  elements, 
with  thJH  limitation,  that  in  many  cases  the  cquiv.  vol.  of  one  or  the  other 
eloniont  rfM|uin>M  to  ho  niulti])lied  hy  some  factor  either  integral  or  frac- 
tional. Tlio  a]>i)lication  of  this  law  will  ho  seen  in  the  following  examples,  in 
which,  liowovor,  for  tho  sake  of  Ciisier  comparison,  the  atomic  weights  and 
Mpo(;irK!  gravitii'M  of  the  tahlcs,  pp.  55  and  08,  have  been  used:  this,  however, 
makcri  no  material  ditren^ice,  inasmuch  as  the  eouivalent  volumes  thus 
<ihtaiiiod  merely  rc(|uire  to  be  multiplied  by  J-f^,  m  order  to  give  almost 
exactly  thoHO  employed  by  Schroder.  The  eq.  vol.  of  carbon  is  6  : 3-5 
=  1-714  ;  of  sulphur  10  :  2000  =  8  ;  of  zinc  32*2  :  6*9154  =  4*658  ;  of 
lea<l  103*8: 11*3889  =  9114;  of  mercury  101*4  :  13*559  =  7*478.  That 
of  sul])huret  of  carbon  is  38  :  1*272  =  29*874;  of  sulphuret  of  zinc 
48*2  : 3-923  =  12*286  ;  of  sulphuret  of  lead  119*8  :  7*505  =  15*962  ;  and 
of  sulphuret  of  mercury  =  14*566. 

Now  1  eq.  vol.  zinc  +  1  eq.  vol.  sulphur  =  1  eq.  vol.  sulphuret  of 
zinc,  nearly  (4*658  +  8  =  12*658).  8  eq.  vol.  carbon  -f  2  eq.  vol.  sul- 
phur =  1  eq.  vol.  sulphuret  of  carb<m  (2.8  +  8.  1  71 4  =  29*712);  1  eq. 
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ToL  lead  +  f  cq,  vol.  sulphur  ^  1  eq.  vol.  eulpburet  of  lead  (9 '11 4  -f 
1^ .  8  ==  15*514);  and  ^  eq,  vol,  mercury  -j-  I  eq.  vol.  sulpliyr  ^^  1  eq. 
vol.  oinnabar  {0-9  .  7*478  -f  8  r=  15*478). 

Conversely,  iMJcording  to  these  principles,  we  may  from  the  eq.  vol.  of 
a  compouDd  deteimine  tlie  cq.  voL  and  tlicncc  the  sp.  gr.  of  its  el  cm  on  ta, 
when  the  sp.  gr.  and  thence  the  eq.  vol.  cannot  he  determhied  directly. 
In  this  manner  Schroder  makes  use  of  the  compounds  of  oxygen  to  deter- 
mine the  eq,  vol,  of  that  element  in  the  solid  state;  this  he  finds  :=  33*8, 
which  must  be  reduced  to  2'704  if  the  atomic  weight  of  oxygen  be  made 
=^  8.  According  to  this^  1  oq.  vol  fine  -f  1  eq.  vol.  oxygen  ^  1  eq, 
vol.  oxide  of  zinc  (4't>58  -f  2704  =  7*362);  if  now  wo  ^ take  Moha' 
detennbation  of  the  ep.  gr.  of  oxide  of  zinc,  viz.,  5' 432,  wo  obtain  40 '2 
:  5*432  =  7*417  for  tlm  eq,  vol  The  eq.  vol.  of  potash  is  obtained  by 
adding  ^  of  an  eq.  vol,  of  potassium  (351  *2  :  0*865  -=:  43^318)  to  1  eq.  voL 
oxygen;  we  have  then  ^  .  45*318  +  2704  :=  17*210;  the  calculation  of 
the  eq.  vol.  from  the  sp.  gr.  of  potaeh  gives  47*2  :  2*650  :=  17*771. 

If  atomic  numbers  be  used  instead  of  equivalent  volumes,  Schroder'a 
method  of  calculation  takes  the  following  form.  The  equivalent  volume 
of  a  substance  is  the  reciprocal  of  its  atomic  naraher,  that  ia,  if  the  latter 

=  Z,  the  former  ^::  — .     If  now  tlie  eq,  vol.  of  one  element  be  denoted 

by  ^  and  tliat  of  the  other  by  ^^  we  shall  have  for  the  sum  of  these 

Z"  Z'         Z'  4-  7" 

magnitudee  ^^-^  +  =7-^  ^  ~^7»' '     ^^^^a^lj*  siuee  the  atomic  number 

16  the  reciprocal  of  the  equivalent  volume,  the  atomic  number  of  the  cora- 

7}  Z" 
pound  will  be  ^^ — -=^.     Hence  Schroder's  mode  of  calculation,  aceomrao- 

dated  to  the  use  of  atomic  numbers,  gives  the  following  rule :  The  atomic 
number  of  a  compound  is  equal  to  the  product  of  the  atomic  numbers  of 
its  two  constituents  divided  by  their  sum.  In  those  cases  in  which, 
according  to  Schroder's  method*  we  should  not  simply  add  the  equivalent 
volumes,  but  previously  multiply  one  or  both  of  them  \y^  integral  or  frac- 
tional factors,  the  same  must  be  done  in  the  altered  form  of  the  nietliod 
when  atomic  numbers  are  used;  the  numerator  of  the  above  fraction  will 
remain  the  same,  viz.,  the  product  of  the  atomic  numbers  of  the  two  ele- 
menta,  but  the  terms  of  the  denominator  must  be  multiplied  by  the  same 
factors  as  those  used  in  Schroder  s  original  method,  taken  however  in  the 
reyerse  order*.  Thus,  in  the  case  of  sulphnret  of  carbon,  Schroder *s  method 
requires  the  addition  of  8  volumes  of  carbon  and  2  of  sulphur;  according 
to  the  method  now  under  consideration,  the  divisor  consists  of  twice  the 
atomic  number  of  carbon  +  8  times  that  of  sulphur.  A  few  examples 
will  show  the  application  of  this  method;  the  atomic  numbers  are  those 
in  table  page  ^h^  column  F,  and  those  in  the  last  table,  column  G.  The 
number  in  brackets  is  the  atomic  number  obtained  by  dividing  the 
specific  gravity  of  the  compound  by  its  atomic  weight  and  reduced  to 

^  Let  2'  2t"  be  the  two  atomic  tmrnbers^  m\  m"  the  correspoodiug  factors !  tbea 
we  have 

1  I         m'  Z"  +  m"  Z' 

m' \'  m*'  —  = 

Z'  Z'  Z'Z* 

Z*  Z" 
the  redproail  of  which,  i,«,  the  atomie  ninnber  of  the  oompound  is     n  j^   \   ^t  g ^/ 

[W.] 
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fh/  ^iisri<l»f'l  fif  hyilroitt'u  piM,  nn  ^iveii  in  the  lust  tabic,  colamn  Gj  it 
'^  f  ><  ■•  I'/r  rMn|r;iM»-oii  with  tho  n>Niilt  of  the  calculation. 

/ii  H  r2;jH«  .  i;iHK)  ;  (  2;J80  +  1388)  =  878  (903) 
Apr  H  no7l  .  I.'Jmk)  :  (  1071  +  1388)  =  604  (613) 
f  H     (tliHl  .  i;*KM)  :  (2  .  (M81  +  8 .  1388)  =  373  (372) 

'iUr  firiiltn  ohtaiiiiMJ  liy  thiMippliration  of  this  method  to  the  moT6 
Hii|f'/f  fiifii  <''fifi(»<iiiiMlH  II ri*  ^ivi'it  ill  coliimiiH  H  ami  I  of  the  table.  Colamn 
ii  rliowN  I  hi?  fiM'torH  hy  wliirli  the  tcrniH  of  the  divisor  must  be  multiplied 
i'#  «/l/iiiifi  II n  ii|f|irifkiiiiiiti*  ri'Mtili.  'l*ho  numl)er  on  the  left  applies  to  the 
Mii/iiiH-  iiiiiiilicr  *i\  ihf  I'liMiifiit  whit*hp>rH  iirni  in  the  formula  mcolumn  B; 
lli.li  ;h  iIk  ii;/ltt  In  Ihf  I'li'iiiifiit.  which  HtamlH  last  in  the  same  formula. 
Oyi''t.iti  t  iiiiiiilur,  fur  itiMttiiM'i',  wi?  find  l/  ^^^/,  this  shows  that  the  product 
tj  i\,»  iihiiiiir  iiiiiiilfi-rH  f)f  iiiriTury  and  Hulphur  must  be  divided  by  the 
hh,n*i*-  jHiiiitfi  I  Iff  iiM-ri'iii-y  (  ,v„  of  that  nf  Hul]ihur.  Column  I  gives  the 
It  nil  f/f  I  hi.-  f  iilniliitiofi,  which  In  to  ho  coiiiparcd  with  the  atomic  num- 
i*i  r  Ht  *.iAiniih  a.  'J'hn  iiiiilli(iliorN  UM4>d  nrv  in  Honic  cases  the  same  aa 
ili</f-  UR«d  hy  Hi'liKiilcr  ill  nthiTM  diH'cn^nt  on  account  of  difTerencee  in  the 
rl*!  i  ili'-^/iiiviiii-miiMl  alfimif  wci/^htN  adopted  in  the  calculation.  Tfaeatomic 
jHiifihi  1  ol  «fky|/(!ii  hurt  hccii  aNMiniii*d  =^  'I'iUO,  that  of  hydrogen  =  1747s 
ii ii'l  lliiil  <;t  mil  if  iM'iil        .'MM. 

A  rill  v<  y  111  thii  tiilihi  hhiiWN  that  the  Utuih  of  the  divisor  must,  in  by 
tit  I  fitf  i/niiii  r  iiiiiiilNtr  of  iiiNtaiiccH,  he  multiplied  by  certain  factors  in 
f/iilii  h/  ohiiiiii  the  ih'nireij  i|iioiieiitj4;  and  it  \H  easy  to  see  that  if  we  are 
iillowi-tlo  alh  I' tlie  fliviftiir  hy  multiplying  its  two  terms  by  any  whole 
iiiiiiil/4:i>  or  Ifiu-iioiiN  llial  we  (ilrahe  to  iiNHiinic,  we  may  always  obtain  a 
niiti-  iippj'ikiiitiition  to  the  (leMired  iLloinic  nuiiil>or,  whatever  may  be  the 
pii;iiiiri  <il/i:iiiie<l  hy  nniltiplyiii^  tn;r|.(||,.r  the  atomic  mimlKTfl  of  the  two 
I  </ii.-httii-iit  I  li-iiji-iilh.  The  ri;iiiii>  remark  a|»plieH  to  Schroder's  method  in 
ii.- ijj;.'iii:ji  loiiii,  ill  ivliiili  llie  e4|iii\ alent  Volumes  before  addition  may 
III  iiiiillipiii  il  hy  any  iiiiiiiherfi  nr  IVadionM  whatever,  and  thus  any  de- 
^illl|  Miin  fii.-iy  he  pioilmi  i|.  'I'lic  iiiwllipliers  which  Schrilder  used  in  his 
rah-.ilatioii^aii::i,;j,  1.  n.H.  I /i ,  i.J.i;;  «,  ^,^1,  J;  J,  J;  J,  f , -^;  ^ :  and 
the  iii-i;  of  ihij-e  iiiijlt  ijiJiiin  dnrn  not.  appi'iir  to  follow  any  regular  law. 
A)ilio«i|/li  ill  look  ill//  over  tliiM-  vi-ry  remarkahlo  calculaticms  of  Schroder, 
ii  raiiii'fi  hiil  to  .xliike  tih  tliat  the  eijuivaleiit  volume  of  a  compound  is  in 
iiiany  ijim  .t  oliliiiiieil  |»y  hiinplc  aiMilinii  of  those  of  its  dements,  the  value 
Ml  «ii  teniiiiieil  hriii^'  very  nearly  cfpial  to  that  which  results  from  dividing 
the  iiloiiiii:  wti/.'lit  hy  the  hjiecilli*  ^'ravity,  still  as  the  densities  which  give 
tJiiM'  le.-iilth  ale  not  always  those  determined  hy  the  most  trustworthy 
oh.-ei  valioiiH,  and  an  in  the  ^'^reater  numhcr  of  «iscs,  it  is  necessary  to 
multiply  hy  the  moMt  various  iiuiiiIhts,  it  mii.st  remain  doubtful,  so  long 
tih  tlie^e  liiulliplieiN  cannot  he  hliowii  to  follow  any  regular  law,  whether 
tliit*  mode  of  calculation  rchts  upon  any  rational  foundation. 

H.  rinally,  1  add  my  own  mt^thod  of  considering  these  relations, 
which  will  at  lea.»<t  serve  to  show  that  they  admit  of  various  modes  of  cal- 
culation. It  may  In>  exiNrted  that  in  the  c(mihination  of  2  bodies  of  dif- 
ferent atomic  iiunihcrH,  one  of  which  tends  to  lill  the  space  with  a  larger, 
the  other  with  a  smaller  numl>er  of  atoms,  the  result  actually  produced 
will  he  a  mean  hetwcen  the  two.  Since  however  a  compound  atom  occu- 
pies morn  sjmce  than  a  simi>h»  one,  and  more  especially,  since,  by  reason 
of  the  greater  niimher  of  atoms  composing  it,  its  attraction  for  heat  is 
stronger,  and  causes  a  m<»re  abundant  collection  of  that  element  around 
it, — the  inteihtitial  spaces  will  from  that  cause  he  enlarged,  and  the  number 
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of  atoma  m  a  givou  s\vfkct*  probably  diniinished  according  to  iixed  lawM. 
TUia  tlimiimtion  appears  to  vary  as  the  8i[iiare  uf  tlit»  number  of  ntoma 
wbicb  make  up  the  cotii pound  atom;  not  however  exactly,  but  subject  in 
nia^y  cases  to  Tutirkecl  exceptions. 

The  following  oxaniplea  serve,  as  far  as  tbey  go,  to  establtsh  this 
view.  In  the  combinations  of  1  At.  of  a  metal  with  1  At,  eulpbur,  this 
law  wauhl  require  us  to  add  the  atomic  numbera  of  the  metal  and  sulphur 
and  divide  the  aum  by  4,  i.  <?,,  tlie  square  of  2,  since  the  comjwund  atom 
consists  of  2  simple  atoms;  but  the  divisor  18  never  exactly  4,  and  varies 

I  from  3*6  to  4fJ.     Within  the  brackets  is  put  for  comparison  the  atomic 
number  of  the  compound  obtained  by  dividing  the  specific  gravity  by  the 
fttonnc  weight  and  reduced  to  the  standard  of  hydrogen  gas, 
Sn  S   (LS73  -f  1388)  :  3*6  =    76?  (710  to  780) 
^^  Pb  S    (1218  +  1388)  :  37  ^    705  (695) 

^m  Ni  S   (3242  +  1388)  i  37  =  1251  (12B7) 

^1  HgS  (1485  +  1388)  :  3'8  =    75G  (762) 

^m  AgS  (1071  +  138H)  :  4      =     602  (6!3) 

^1  Cd  S   (1710  H-  1388)  :  4*2  =    739  (710  to  742) 

■  Zu  S   (2386  +  1388)  :  4*2  ^    809  (005) 

^1  Mn  S  (3220  +  1388)  :  4*6  =  1002  (1010) 

■  Cu  S  (304G  -f  1388)  :  4*6  —    064  {9m) 

1  At. 


0  =  831  (834) 

6  =  000  (072) 

7  =  681  (651) 

8  =  519  (542) 
10  =  366  (368) 


AgS  (1071  +  138H) 
CdS  (1710  H-  1388) 
Zu  S  (2386  +  1388) 
Mn  S  (3220  +  1388) 
Cu  S  (3046  -f  1388) 

In  disnlphuret  of  copper,  Cu*  S,  2  atoms  of  metal  arc  combined  wit!i 
1  At.  sulphur:  in  hisulphurets,  1  atom  of  metal  with  2  atoms  of  sulphur : 

I  and  since  iu  these  comp^>unds  the  number  of  simple  atoms  composing  tho 
compound  at^ms  is  3,  the  divisor  ought  to  be  0 :  it  varies  however,  as 
follows: — 

^^  Cu'S    (2.3046  -f        1388) 

^m  Fe  S^    (      3203  +  2  .  1388) 

^^^^  Mn  S'  (      1001  +  2  .  1388) 

^■B  Sn  S'    (      1373  +  2.  1388) 

^^"^  As  S^    (        8fr*0  H-  2  .  1388) 

I^P        In  combinations  of  1  At.  metal  with  3  At  sulphur,  the  divisor  should 
f       be  4.4  ^  16: 

I  AsS'  (880  +  3.  1388)  :  16  =  315  (311) 

H  Sb  S^  (576  +  3  ,  1388)  :  17  =  278  (272) 

^M       With  2  At*  metal  and  3  At.  sulphur,  the  divisor  should  bo  5 ,  5  =  25: 
H  Bi^  S^  (2 .  1024  +  3  .  1388)  :  20  =  311  (298) 

^1       The  mode  of  calculation  being  snfiicicutly  exhibited  in  these  exam- 
^HpleS}  it  will  be  enough  in  those  which  follow  to  give  the  chemical  formula, 
^^  the  proper  divisor,  and  the  resulting  atomic  number,  together  with  that 
found  from  the  sp.  gr»  (in  brackets) : 

K  I  :  3-5  —  103  (105).— Pb  I  :  5-6  —  295  (291).-Hg  I  :  0*3  =  305 
(303).— Ag  I  *,  b"3  =  239  (238). 
HgU  :  0  =  262  (258). 
K  Br  :  3  =  223  (228).— Pb  Br 
(378). 

Hg'  Br  :  8  =^  201  (280). 

K  CI  :  2-3  —  287  (285.,.,280),— NaCl  :  3-2  =  384  (396).— Ph  CI : 
3-5  =  467  (464) —Ag  CI  :  35  =  424  (425) — Hg  CI  :  4  4  =r  432  (430). 
SCI  :  5  =  361  (351). 

Cu^Cl  :  0  ^  431  (412).— Hg^  CI  :  7  =  331  (325).— S*  CI  :  11  =  200 
(278).~PCP  :  16  =  117  (117). 


4  =  410  (403.)— Ag  Br  :  4  ^  374 
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In  the  com  pounds  of  bromioe  and  chlorine  (the  latter  more  pftHicularly) 
tho  divisor  is  too  much  helow  its  narnuil  viilue,  possibly  because  the 
atomic  uumlvers  of  these  compounds  have  been  determined  from  their 
specific  gravity  in  the  liquid  «tate  and  may  therefore  be  too  amal].  It  is  also 
worthy  of  remark  that  the  dlviaor  always  han  its  smallest  values  in  the 
eomhinatioDS  of  potasfliimi  and  sodium  with  io<liue,  bromine  and  chlorine; 
then  follows  leau,  then  silver  and  then  inereiiry. 

It  is  possible  according  to  this  view  to  eaiculato  the  hypothetical  atomic 
numlver  of  oxygen  from  its  combinations;  but  different  compounds  ^ve 
widely  different  results,  the  numbers  thus  found  varying  from  1900  to 
41  DO;  and  since,  whatever  number  is  assumed  as  the  true  one,  the  oxyjeen 
compounds  exhibit  relations  differing  from  one  another  much  more  widely 
than  those  above  considered,  it  seems  better  to  leave  this  hypothetical  part 
of  the  calculation  on  one  side  till  the  causes  which  may  affect  the  xnagni- 
tudo  of  the  divisor  ehall  have  been  better  ascertained.  The  great  varia- 
tion in  the  results  will  be  seen  from  the  following  examples.  Since 
acoordini''  to  the  law  under  consideration  the  atomic  number  of  a  metallic 
oxide  should  bo  found  by  adding  the  atomic  number  of  the  nictal  to  the 
atomic  number  of  oxygen  and  dividing  the  sum  by  4,  (the  oxide  being 
supposed  to  contain  1  At*  metal  and  1  At.  oxygen),  it  follows  that  if  we 
multiply  the  atomic  number  of  such  a  metaOic  oxide  by  4  and  subtract 
the  atomic  number  of  the  metal  from  the  product,  the  remainder  will  be 
the  atomic  number  of  oxygen.  By  treating  different  metallic  oxides  in 
this  manner  we  obtain  the  following  results:  Potash;  (025  .  4)  —  245  =i 
225 L  Soda;  (999 .  4)  ~  466  =  3520.  Oxide  of  zinc;  (1548  .  4)  —  2386 
=  3806.  Oxide  of  copper;  (1705  .  4)  —3046  —  4130,  Suboxide  of 
copper  Cu'O,  in  which  there  are  3  atoms  and  consequently  the  diviflor 
=  9,  gives  (892  .  9}  —  2 .  3046  ^  1936. 

The  same  method  applied  to  compounds  of  the  second  order  giree  the 
following  results : 

AnA^dr<iwt  Carbonates.  BaO,  CO-  (687  +  419)  :  2*3==  481  (484). 
Sr  0,  C  0^  :  2'3  ==  547  (543).— Ca  0,  C  0^  (Arragonite)  ;  2'5  =:  660  (664> 
Ph  0,C  0^  2-5  =  533  (533).— Zn  0,  C  0- :  2  5  ==  787  (781 . . . 790).— Ag  0, 
C  0-  :  2-5  —  484  (489).— K  O,  C  0^  :  2-8  =  373  (363).^Na  0,  CO'  ;  2*8 
=  507  (514).— CaO,  CO^  (Cakspar)  :  28  =  590  (599).— Mg  0,  C0»; 
2  8  —  766  (797).— Mn  0,  C  0;  :  2  8  ^  673  (684).— Here  the  divisor  varies 
only  from  2*3  to  2*8  :  that  it  is  not  equal  to  4,  may  perhaps  arise  from  the 
atomic  number  of  carbonic  acid  having  been  calculated  from  its  specific 
^avity  in  the  liquid  stat^B :  there  can  be  no  doubt  that  the  sp.  gr.  and 
therefore  also  the  atomic  number  of  solid  carbonic  acid  is  much  greater, 

Anhydmu Sulpkaks,  BaO,  S  0"  (687  +  547)  :  31  ==  388  (400  . . . 
423).— SrO,  S  0^ :  32  t=  433  (433).— Fb  0,  S  0^ :  3-3  =  451  (451).-^Ca0, 
SO^ :  3*5  =  479  (474).— AgO,  S  0^  :  3'5  =  382  (380).— K  0,  S  0*  :  3-5  = 
337(334).— NaO,  SO^  r  3'7=  418  (410).— Zn0,S0^ :  4-5  =  473(471). 
MgO,  S  0'  :  47  =  482  (477).— €uO,  SO'  i  47  ^  498  (498). 

Anhfdrom  Nitrates,  the  atomic  number  of  nitric  acid  being  hypothe- 
tically  assumed  =  300.  BaO,  N  0^  (687  +  300)  :  3*7^267  (271). 
SrO,  NO*  :  3-9  =  293  (294).— AgO,  N  0^  :  3^9  =  279  (284).— KO, 
NO^  :  4  =  231  (225....230).— PbO,  NO*  :  4-2  =  300  (294).— Na  0, 
N  0'  :  4-4  =  295  (290). 

In  all  these  three  groups,  the  salts  of  baryta  and  strontia  require  the 
smallest  divisors;  then  follow  oxide  of  silver  and  potash,  then  soda,  then 
magnesia;  the  position  of  lime,  oxide  of  lead,  and  oxide  of  ainc  is  variable. 

Sifdrat^,      KO,    HO  (625  +    1234)   :  45  =  413    (414).— Na  0, 


I 


I 


I     , 


HO  :  4  =  558  (552),— SO',  HO  :  4-2  =  424  (418).— S  0\  2H0  :  12 
=  251  (252).— S0\  3H  0  :  16  =205  (270).  xWe  cases  are  nearly  in 
accordance  with  tlie  law ;  tlie  diviaor  of  S  0\  2H  0  should  liowover  he 
9  instead  of  12.  The  first  hydrute  of  nitric  acid  does  not  give  so  c!a,*!C  an 
approximation:  N  0\  H  0  (300  4-  1234)  :  5*7  =  2G9  (2G8),  For  gypsum 
we  Layo  CaO,  SO'  -f  2H  0  (474  H-  2 ,  1234)  :  10  =  294  (298),  the  divi- 
sor being  10  insstead  of  9, 

The  law  thus  developed  may  he  expressed  by  the  following  formula: 
^  Z-  +  yZ'  _  „ 
(X  +  ,/)'  -  ^ 
in  which  7J  denotes  the  atomic  number  of  the  first  element,  Z"  that  of  the 
secf^nd,  Z^''  tliat  of  the  compound,  jc  the  number  of  atoms  of  the  firgt 
element,  i/  that  of  the  second,  which  make  up  the  compound  atom.  In  the 
application  of  this  law,  striking  deviations  are  apparent,  as  may  he  seen 
from  the  ftiregoing  calculations.  The  most  remarkable  exception  is  pre- 
sented by  mdpiiuret  of  carbon,  CS*;  (6481  +  21388)  :  25  =  360  (372); 
here  the  divisor  is  25  insteiul  of  9,  as  if  the  number  of  atoms  in  the  com- 
pound were  5  instead  of  3.  Even  allowing  that  many  exceptions  may 
arise^  partly  from  errors*  in  the  supposed  atomic  weights  of  the  simpfe 
euhgtances,  partly  from  incorrect  determinations  of  the  specific  gravities 
of  these  simple  substances  and  their  compounds,  the  law  must  still  bo 
looked  upon  as  far  from  the  troth ;  it  must  needs  be  modified  by  many 
circumstances  of  much  greater  importance  than  those  jui*t  noticed,  and 
not  till  these  circumstances  have  been  discovered  and  reduced  to  calcula- 
tion, shall  we  be  able  to  regard  the  law  as  established  on  a  proper  fonnda- 
fcion.  The  different  degrees  of  cohesion  in  compounds  and  their  elements, 
and  their  different  attraction  for  heat  would  probably  be  found  of  parti- 
cular  importance. 

It  is  to  be  wished  that  thia  matter  could  be  subjected  to  careful 
mathematical  analysis :  the  foregoing  table  might  furnish  the  ref[uired  data. 

IT  The  study  of  the  relation  between  atomic  weight  and  density  ha^ 
received  8(*me  important  a<blitions  since  the  publication  of  the  last  edition 
of  this  work.  Of  the  researches  <if  Kopp,  Schroder,  Lowig»  and  others  of 
the  continental  chemists  an  elaborate  account  is  given  lu  the  report  of 
Professor  Otto,  a  translation  of  which  appears  in  the  volume  of  Reports 
and  Memoirs  lately  brought  out  by  the  Cavendish  Society.  The  recent 
memoir  of  M.  Fiihol  {N.  Ann,  Chim.  Phys.,  21,  415),  included  in  the 
aame  volume,  likewise  gives  a  review  of  the  labours  of  previous  experi- 
menters in  this  bninch  of  science,  and  adds  some  interesting  results 
obtained  by  the  author  himself,  I  shall  here  notice  some  of  the  leading 
points  in  M.  FilhoFs  memoir. 

The  author  s  calculations  are  founded  on  the  following  atomic  weights 
and  densities, — the  latter  delemiined  by  his  own  experiments. 

Atomic  Weif;his  (0  ==  100) 


Barium 854-85 

Cftdmmm 69<j'17 

Calcium "..  250-00 

Carbon     , ?5'00 

Chlorine 443*02 

/Chromium 24983 

pper 3l*6-00 

158557 

Iron 350  00 

Umd    1294-30 


Magnesium .».,,..  157'75 

Manganeae •  344'44 

Mercury 1250*90 

PoUssium 488-84 

Silver 134901 

Sodium 287*17 

Strontium 545'60 

Su1|ihur 20O'OO 

Tin 735*03 

Zinc. 406*59 


m 
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Demities. 


httWr,  «ri<l    

hrmntUiun  ntrit]    

Arvrtilr  Mriil     

VntUt%'u\r  oflmrium   .. . 

,,  ttmntium  . 

,,  mlrium... 

filuiiiiiiuin  . 


n  x'"«    

M  *«'*    

hUoiiilr  of  r<it>|NT  (Mark  oxide)  . . 

Ahliyilroui  vUiuriiUs  of  putfiiiNiiiin  . . 

,^  ,,         iKxlium  ..  .. 

barium  .... 

,,  ,t        ttrontinm  .. 

(»IHum.... 

iron  (KeCl) 


|«ifllflfl  of  |Mitfl««iiim 

,,       imhHuiii     

ft       tmriiiiii    

I****! 

„       wrrfury  (Ilg  I")   

tt       »Uvrr   

MotlOMIlipltUrilt  of  |HllNMiuill 

,,  Noilium 

(^HrlMirmtr  of  polftMh 

,,  himIa 

„  ImryU 

AhtiyilnmN  iiiil|i}i«t«  of  potirnh  . . . 

„  ..  iMMln 

,,                  ,,          Ntroiiliii. .  . 
,,  iiinr 


initf(ii('Hiu 
xiiK'   .... 


4-250 
3-884 
4-250 
5-456 
4.6U 
3-180 
4-154 
5-612 
9-361 
6-322 
1-994 
2-240 
3750 
2-960 
2-240 
2-528 
3-056 
3-450 
4-917 
6-384 
6-250 
5-500 
2-130 
2-471 
2-267 
2-509 
4-565 
2-625 

2  629 
3-770 
3- 1 02 
2'(;2H 

3  4  00 


Anhydroas  salphate  of  copper  ....  3*530 

,,  ,,         iron 2-841 

M  M         tilver 5-410 

lead 6-300 

Nitrate  of  soda 2*260 

„        baryta 3*200 

M        strontia 2-857 

M         lime 2*240 

lead 4-581 

Hydrate  of  potash    2044 

soda   2-130 

baryto  (Ba  O,  H  O) . .  4-495 

M         strontia  (Sr  O,  H  O). .  3-625 

M         baryta  (Ba  0, 9H  O)  1*656 

strontia  (Sr  O,  9H  O)  1*396 

,,         zinc    3-053 

„         lime    2-078 

Crystallized  chloride  of  barinm  . .  2-664 

„  „         strontium  1*603 

„  „         caldam . .  1*635 

M  M         magnedum  1*558 

„  „         iron   ....  1*926 

Crystallized  sulphate  of  soda   ....  1*520 

»f  n  lime    ....  2*331 

n  ,f  magnesia.  1*751 

tt  M  alumina..  1*569 

H  If  iron    ....  1*904 

M  ,9         smc    ....  2*036 

f>  „  copper    ..  2*286 

C'rystallized  nitrate  of  strontia. ...  2*113 

»>  n        lime 1*780 

Anhydrous  borax 2-367 

Crystallized  borax 1-692 


MdMtnf  (lioMn  ilonMJtioH  ii^roo  very  well  with  those  formerly  determined 
liy  Doiilliiy,  MnliM,  KiiTHh'ii,  \r.,  but  there  are  some,  e.(/.^  those  of  baryta 
find  iitnmliii.  which  MYvr  ooiiHidorably  from  f(>rmer  determinations,  as 
will  bn  Mooii  by  rof<!nuicn  to  the  tjiblo  pp.  (»8  ....  72.  Now  it  has  been 
nhowii  by  Konn  that  all  the  moluls  enter  into  combination  without  change 
of  voluiiin,  with  the  oxre]»tion  of  j>ota8.Mium,  sodium,  barium,  strontium, 
mtiii\u*Hi\iu\,  nilrlum  an<l  aluminum.  With  regard  to  barium  and  stron- 
tium, it  muNt  bo  <»bHerv(Ml  that  the  volumes  which  Kopp  assigned  to  these 
nietiilM  wrn*  dodured  from  the*  snecific  gravities  of  baryta  and  strontia  as 
dnt<^rminrd  by  Karht<Mi.  Filhol  however  shews  that  by  adopting  the 
denNJtieH  given  in  th<^  prweiling  table,  barium  and  strontium  may  be 
reiiiov(Mi  from  the  liNt  of  c^xceptiims.  Thus  the  density  of  baryta  being 
H'irtHf  itH  (Mjuivalent  volume  is  ViA*  =  l^-'**  ^^^^  estimating  the  volume 
of  oxygen  in  th(»H(^  oxi<los  at  32  (Kopp,  N.  Ayin.  Chim,  Phi/s.  4,462)  we 
have  for  the  emiivalent  volume  of  barium,  17.'>  —  32  =  143.  Similarly 
for  strontium,  the  equivalent  volume  of  strontia  being  V^jV  =  ^'^^>  ^^^ 
equivalent  volume  of  the  metal  is  140  —  32  =  108:  ancl  these  are  the 
volumes  with  which,  according  to  Kopp,  the  metals  barium  and  strontium 
enter  into  other  combinations. 

Schroder  has  remarked  that  if  from  the  equivalent  volumes  of  a  series 
of  analogous  compounds  (oxides,  chlorides,  &c.)  the  volume  of  one  of  the 
elements  be  deducted,   a  constant  remainder  is  often  obtained  for  the 
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element  c^»mTiioii  to  the  whole  series.  On  ap[>lying^  this  process  to  nitrate 
of  silver  and  nitrate  of  lea<J,aud  detluctiiig  the  eqoiYiileiit  volumes  of  the 
iwctiila  contained  in  these  3uits,  a  constant  remainder  358  is  left  for  the 
radical  N  0\  If  on  the  other  hand  the  equivalent  volumes  of  the  oxides 
be  deducted,  the  silver  <salt  gives  for  N  O^  tlie  renr;nader  294,  and  the 
lead  salt  32i>,  Kopp  regards  this  as  an  argument  in  favonr  of  the  theory 
of  hydrogen -acids.  Filhol  liowever  shows  by  numerons  examples  that 
with  regard  to  a  considerahle  number  of  salts,  thesnhtraction  of  the  volume 
of  the  base  leaves  a  constant  residue  for  the  oxygen  aeid.  Thus  sulphuric 
acid  appears  to  have  two  ditierent  volumes  in  combination  :  the  sulphates 
of  lead,  baryta,  potash,  and  stroritia  give  for  SO'  the  remainder  154, 
tliose  of  copper,  zinc,  lime»  magnesia,  and  soda  give  204. — The  cliromates 
of  lead  ami  potasli  give  for  CrO'  the  remainder  1\}6, — The  tungstates  of 
lead  and  lime  give  W  0^  =i  212.— The  carbonates  of  cadmium,  iron, 
manganese,  lead,  zinc^  baryta,  lime,  magnesia,  potash,  soda,  stronlta,  and 
and  the  double  earbouale  of  lime  and  magnesia,  give  for  carbonic  ncid  the 
vidume  1 19;  and  lastly,  the  nitrates  of  lead,  ammonia,  potash,  soda,  baryta 
and  strontia  give  for  N  0^  the  volume  326.  The  discrepancy  which  occurs 
in  the  case  of  nitrate  of  fiilver  is  attributed  by  Filhol  to  an  error  in  the 
determination  of  tlic  density  of  oxide  of  silver.  On  the  wbolc  therefore, 
tlie  results  of  tliese  calculations  cannot  be  regarded  as  decidedly  favour- 
able to  either  theory  of  the  consti  tuition  of  salts  in  preference  to  the 
other, 

Filhol  likewise  points  out  some  remarkabto  relations  with  regard  to 
tlie  changes  of  volume  which  take  place  in  combination.  Thus  with 
regard  to  the  chlorides:  let  P  denote  the  atomic  weight  of  chlorine,  d 
its  density;  P*  the  atomic  weight  of  the  metal,  d'  its  density;  and  ii  the 
density  of  tlie  chloride  on  tlie  supposition  that  the  elements  unite  with- 

out  change  of  volume :  then  A  ^  "  vp^Z^P'  i 

If  now  D  denote  the  density  of  the  chloride  determined  by  experiment, 
we  ahvays  find  D  >  A,  and  — tz —  expresses  the  coefficient  of  con- 
traction. 

The  same  method  is  applicable  to  other  compounds  (sulphates,  carbo- 
nates, &e).  The  following  table  contains  a  series  f>f  results  obtained  in 
this  manner.  The  density  of  chlorine  is  estimated  at  l"3i5,  being  the 
mean  of  the  results  obtained  by  Faraday  and  Karateu,  via.  1'33  and  1  '38; 
that  of  carbonic  acid  at  0*83. 


Name  of  Compound. 

Deniity 

by 

Ctiku]ntioii« 

Density 

by 

Es|icriment. 

Coeffleknt 

of 
ContrtKlian. 

1.  ChhriiUt. 
Potaftiium    >• * ,,*»•• 

2  B25 

2'2C0 
l'?02 
3-928 
3-520 

1-901 
2-240 

2-960 
2-240 
5-541 
5-530 

0-478 

0-477 

Barium. ...  «,. ..f...** 

02G5 

Strontiiini    .........«...■•.«**. 

0-23.I 

Cftlciani 

0-240 

T^d ,,. 

0*291 

Silrer   , .  * ,...••*. 

0291 
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N« 


I  of  CfMipoiiiid. 


Dnuitj 
Calcolatkm. 


DcMily 
Ezpenmcnt. 


of 
Conlnctioii. 


2.  SmlpMi9, 


Z\ac. 
Copper.. 
Bftrytt.. 
StroiitiA 


3.  CMrb0naie9, 


Bftrytt.. 
AirontiA 
Lime    .. 


Cednlim .  • 
MagneeiA.. 
Mangmeie 
Zlne 


4.  Hydratei, 
]tonrtA(BaO,  HO)   .... 

mmvith  i\o).... 

mii^^O,HO) 

M«^ipiiH  (Brodte) 

Alumina  (Ofpiite)  , 

Alofnini  (M*0\  WHO) 

Zinc(ZnO.  HO)   

Hurytji    IkCJ,  9HO)..., 
StrfintU(8rO,  9HO)    .. 


5.  CrywttUlhed  Sulphatea, 

Soda 

M«|^etU 

Lime    

Zinc 

Iron 

Copper 


6.  Cryttallized  Chloridet. 

Strontium    

Barium    


2-266 
2*920 
2-991 
3S93 
2-901 
2-366 
4729 


2-566 
1-949 
1-415 
3-491 
2-;83 
1-293 
1-264 
1-860 


3-718 
2-989 
2-292 
2-336 
2-400 
1-786 
3-434 
2-288 
1-911 


1-520 
1-751 
2  331 
2-036 
1-904 
2-286 


1-920 
3-160 


2-628 
3*400 
3&30 
4-440 
3-770 
8-108 
6-300 


4-565 
3-610 
2-720 
6-470 
4-455 
2-966 
3-691 
4-445 


4-495 
3-625 
2-078 
1-920 
1-989 
1-459 
3053 
1-656 
1-396 


1-375 
1-434 
2099 
1-658 
1-546 
1-829 


1-603 
2-640 


•-1S7 
0*140 
0152 
0236 
0-2M 
0-145 
0-249 


0-437 
0-460 
0-477 
0-459 
0-380 
0-593 
0-657 
0*581 


0-172 
0175 
0-093 
0-178 
0-171 
0-183 
0-110 
0-276 
0-269 


0-093 
0180 
0-099 
0-171 
0-188 
0199 


0-165 
0-165 


It  will  be  Been  from  this  table  that  in  a  very  large  number  of  ca«cs, 
indepondentZy  of  all  hypatheeia,  tho  coeflScients  of  contraction  of  those 
eompounda  wbleb  most  strongly  resemble  one  another  in  a  chemical  point 
of  Tiew  aro  sensibly  the  same. 

It  may  likewiso  b©  obserred  that  in  a  certain  number  of  cases  the  ratio 
between  the  calculated  densitiei  of  certain  compounds  of  the  same  kind  is 
the  same  as  that  which  exists  between  the  densities  determined  by  experi- 
ment. Hence  we  nmy  calculate,  a  priori,  the  densities  of  certain  salts 
according  to  those  of  their  elements  and  that  of  a  salt  of  the  same  species 
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hann^  a  eloso  analogy  to  tbe  former  ;    In  sucli  a  case  we  bare  hi  fact — 
A  :  a'  : :  D   :  D';-:tku8  for 

Chloride  of  sfxlium... A  i^  ri69,  I)  =i  2-24 

>,  potassium....  A'  =.  1*029 

and       M69      :      1039      M      2  24      :      1  9i>0 
The  il entity  of  the  latter  salt  hy  experhiient  is  1*094  {vid,  p,  80);  accord- 
iug  to  Karsten  it  is  liJlo,  aeconlmg  to  Kopp,  rt)45*^Again  for 

Salphate  of  baryta A  ^  3'393,  D  =  4*44 

,y  etroDtia  ,..  a'  =  2'901 

and       3*393      :      2'901      :;      4*44       :      3796 
The  experimental  result  is  3*77;  Kara  ten  makes  it  3*59,  Breithaupt  3*95, 

Other  examples  might  be  adduced,  hut  the  relation  thus  deyeloped  is 
not  sufficiently  geneml  to  constitute  a  law. 

In  conclusion,  M.  Filhol  remarks  that  the  subject  of  the  relation 
between  atomic  weight  and  ilensity  is  not  so  far  aclvanced  as  has  been 
initigiued,- — that  it  la  ©My  hy  slightly  altering  the  numbers  which  form 
tlie  bases  of  these  ealculaticms  to  obtain  results  of  very  fascinating  uni- 
formity: but  this  very  circumstance  ougbt  to  create  distrust  of  such 
results;  for  it  is  extremely  ditticult — eousidering  the  great  number  of 
causes  of  error,  often  inevitable,  w^bieh  beset  tbese  calculations — to  attain 
that  degree  of  exactness  which  apparently  belongs  to  many  of  the  re«ulta 
which  iiavo  been  put  forth  in  connection  with  this  subject. 

A  series  of  elaborate  memoirs  on  atomic  volume  and  s]>ecific  gravity 
has  been  published  by  Messrs.  Phiyfair  and  Joule  in  the  Memoirs^  and 
Quarterly  Journal  of  the  Chemical  Society  of  Loiulou.  {Cht^n.  Afrrrt.  2, 
477;  3,  54  and  19D;  Qil  J.  of  Chenu  Soc.  I,  121.)  The  principal 
resiiUs  contained  in  these  memoirs  are  as  follows. 

I.  The  volumes  of  mlU  in  solution  are  either  eqiMtl  to  each  other,  or  are 
mnllipkg  one  of  thf^  other. 

If  9,  the  atomic  volume  of  water  (atomio  weight  of  hytlrogen  =  1)  he 
assumed  a^  the  standard  of  comparison,  this  law  may  also  be  tlius  expressed: 
Compounda  dissolved  in  ivattr  increaite  its  vaiut/u  either  htf  9  or  by  multi* 
piesiifB. 

a.  Certain  salts,  such  as  the  niagnesian  sulphates,  tbe  alums,  &c., 
disiiolve  in  water  without  increasing  its  bulk  more  than  is  due  to  the 
liiiuefaction  of  the  water  which  they  themselves  contain. 

L  Anhydrous  m\ts,  or  salts  coutaining  a  small  proportion  of  water 
occupy  in  anlution  a  number  of  volumes,  which  pass  along  with  them 
titichan£(ed  into  their  union  with  other  salts. 

c.  The  volume  fjccupied  by  double  wilts  when  dissolved  is  (with 
certain  exceptions)  the  sum  of  the  volumes  occupied  by  their  oonstituents 
when  separate. 

II.  Thf^  vofumes  of  solid  hodm  bear  a  simple  trlation  to  each  others 
heintf  multiples  of  a  c^iain  suhmnhiplr  oftk^  iHtlumf  of  i€e. 

The  density  of  ice  as  determined  by  Flayfair  and  Joule  is  0*91  N4, 
which  agrees  alntoet  exactly  with  tbe  number  0"9180  determined  by 
Bnmner  (iV\  Ann.  Chim.  Phi/s.  14,  3(Ji»),  Hence  the  atomic  volume  of 
ice  ==:y^^^j^  —  «)'8.  This  being  determined,  the  submultiple  in  question 
adopted  by  the  authors  as  the  unit  of  volume  fur  solids  is  %^  —  1*225;  so 
that  the  atom  of  ice,  considered  as  a  glul»e  or  cube,  will  have  twice  the 
linear  dimensions  of  the  atom  possetising  this  uuit-v<dnrae.  In  some 
cases  the  volumes  of  solid  bodies  correspond  more  nearly  to  multiples  of 
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V-Y^  =  0*0125  than  of  1*225  itself:  but  these  cases  bein^;  eompAniiTely 
few  are  rc/^anled  as  exceptional.  The  foUowiDff  table  giTes  tae  atomic 
ToIiimcH,  &c.  of  some  of  the  metals  in  a  finely  diriddL  state;  also  of 
flowers  of  sulphur. 


Name. 

Atomic 
Weight. 

Volume 

bj 
experiment. 

1-225 
u 

Unity. 

Voltune 

by 

theory. 

Sp.  Gr. 
dieory. 

Sp.  Gr. 
experiment. 

C*opiK;r 

31*65 
29-57 
20-62 
27-18 
37-67 
1603 
98-84 
217-26 
12-69 

3-757 
3-701 
3-782 
3-812 
7-203 
8-380 
5-563 
25-790 
5-665 

3 

3 

3 

3 

6 

7 

4i 

21 

4i 

3-675 
3-675 
3-675 
3-675 
7-350 
8-575 
5-512 
25-725 
5-512 

8-612 
8-047 
8-060 
7-396 
5-125 
1-870 
17-931 
8-445 
2-302 

8*424 

CoUt 

Nickel 

Iffin  .it 

7-989 
7-832 
7-130 

Ariwrilfl    

Nulpliiir    

IlAtlHUm 

IJraniiini 

Maipiimium  .... 

5-230 
1*913 
17-766 
8-425 
8-240 

The  volunifis  of  the  metals  in  their  more  compact  state  do  not  accord 
Yory  well  with  the  law  above  stated,  probably  from  the  effect  of  cohe- 
nioii. 

The  volume  of  the  magnesian  oxides  in  their  most  compact  state,  is 
found  to  1)0  very  nearly  5  x  1-225  =  6  12.  Hence  that  of  oxygen  in 
tlinnu  cixidoH  must  lie  2  X  1*225  =  2*45*. — Now  the  volume  of  sulphur  is 
N'57;  consequently,  that  of  sulphuric  acid,  SO^  will  be  8-57  +  3  x  2*45  = 
15'tt2.  Again  the  moan  sp.  gr.  of  sulphate  of  soda,  as  determined  by 
vnriouM  (^xporimcntcrH,  is  2-5(52:  this  gives  27*9  for  the  atomic  volume  of 
Ihiit  Halt;  and  deducting  15*0  the  volume  of  sulphuric  acid,  we  have  12  for 
tho  atomic  vohnno  of  soda:  this  is  nearly  10  x  1*225  =  12  25. — The 
volume  of  pota«h  (ilcduccd  from  tho  sp.  gr.  2*756  determined  by 
KnrMi(!n^  in  17*75,  which  is  not  far  from  14  X  1*225  =  17*15. — 
Tho  volume  of  anhydrous  sulphate  of  ammonia  is  39*2  {Chem  Mem, 
2,  428),  from  which  deducting  15*9  for  tho  acid,  we  have  left  23*3 
an  tho  volume  of  oxide  of  ammonium.  This  is  very  nearly  18  X 
1*225  It  2327. — Aluminum  has  a  density  of  2*5  (Wohlcr):  this  gives 
5*47  for  itH  atomic  volume,  making  it  nearly  equal  to  4^  X  1*225  or 
5*5.  (7hromiiim  Iuih  the  density  5*1  which  makes  its  atomic  volume  = 
^i'H :  an<l  mlmittin^  that  in  the  sesc[ui-oxidcs  oxygen  enters  with  tho 
volume  3  X  1*225  =  3()*75,  we  shall  have  for  the  volumes  of  alumina  and 
oxide  of  chronium  5*51  x  2  -f  3(>75  X  3  =  2205. — Scsqui-oxide  of  iron 
hoing  i.somorphouH  with  alumina  and  oxide  of  chromium  its  volume  in  com- 
bination may  likewise  bo  assigned  as  22  O.").  Tho  reason  for  selecting  the 
particular  results  <letjiiled  in  this  paragraph  will  be  seen  immediately. 
J'Ih^  volumes  assigned  to  alumina  and  the  scsqui-oxidcs  of  iron  and 
chromium,  must  bo  regarded  as  to  a  considerable  extent  h3rj)othetical. 

III.  In  highly  hydratcd  salts  the  water  of  crystallization  always 
occupies  the  volume  of  ice. 

a.  In  the  class  of  hydrated  arseniates  and  phosphates  with  24  atoms 
of  water  of  crystallization,  and  in  carbonate  of  soda  with  10  atoms  of 
water,  neither  acid  nor  base  occupies  any  appreciable  space,  the  volume  of 

*  This  agrees  very  nearly  with  the  number  32  assigned  by  Kopp  (whose  numbers 
are  based  on  the  oxygen  scale  of  atomic  weights)  for  the  atomic  volume  of  oxyeen  :  for 
32  X  T!a  "-  2*56.    (W.) 
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the  iftlt  being  the  same  as  that  of  the  water  of  cryiiaUization  rozen  into 
ice* 

h.  In  cane  and  milk-siigar  tho  carbon  ceases  to  occupy  apace,  the 
hyrlrogeu  and  oxygen  taking  np  exactly  the  epace  of  the  corresponding 
quantity  of  water  frozen  ioto  ice. 

Theao  results  are  exhibited  in  the  following  table.  It  is  especially 
remarkable  tbat  in  the  ordinary  phosphate  and  arseniate  of  soda,  the  atom 
of  basic  water  disappears  as  well  aa  the  two  atoms  of  eeda. 


^i 

If 

^       i 

^ 

>g 

Name. 

FormuU, 

11 

i  b 

o^ 

ti 

4*5 

Carbonate  of  soda 

Na  0,  C  0*  +  lOH  0 

143*4 

986 

10 

980 

1-463 

1-454 

Phosphate  of  sodtt 

2NaO,KO,PO*+24HO 

339-1 

233-5 

24 

235-2 

1-527 

1-525 

Sub -phosphate 

3NaO|PO>-f  2'llIO 

381'G 

235*2 

24 

235-2 

1-622 

1-522 

of  soda 

Arsenifttcofsoda 

2NaO,HO,AsO>+24HO 

402^0 

232-0 

24 

235-2 

1»713 

1*736 

Sub-arseniale  of 

3NaO,ABO^  +  24HO 

425-2 

235'6 

24 

233-2 

1-808 

I  804 

soda 

Cane-gtigar  ,.  ,, 

^C'*Hi'0" 

171 

107-4 

11 

107-8 

1-586 

1-593 

Milk-sugar  .... 

C**  H**  0« 

360 

234*7 

24 

235*2 

1-531 

1-534 

IVt  Another  claas  of  salts  including  all  the  hydrated  maj^uesiaii 
BulphateSj  snlphate  of  alumina,  borax,  pyrophosphate,  of  soda,  ami  the 
alums,  possess  a  volume  made  up  of  that  of  their  ba^es  and  of  their  eolid 
water,  their  acidg  ceasing  to  be  recognizable  in  space. 


Tahk  A, 


i 

li 

1 

%l 

> 

6m 

s 

?  < 

«  b  . 

S«lU. 

Formulit, 

1 

54 

li 

"9S 

1' 

Siitphatecff  copiier  . . 

C'uO,SO>  +  *HO 

121-fiB 

49  00 

612 

6512 

547 

3201 

3'37» 

Sulphatf  of  Biuc  . . . , 

ZiiO.SO^  +  7HO 

1434a 

(WQ 

0)2 

74-73 

743 

l-Hlf 

\m\ 

MgO.SO^  +  7  HO 

123  07 

68fl 

613 

7472 

73-5     ' 

1-6.55 

iflKa 

S^ilph^tte  ttrirou  ... 

PeO,SO*  +  7HO 

lago 

680 

612 

7472 

73*8 

1-800 

|'8b8 

Siilphaic  of  nickel  *. 

NiO.SO^  +  «HO 

13174 

58-8 

613 

64- H2 

64-6 

2-029 

2D37 

SiilphAte  of  »<xla  ,... 

NaO,SO>  +  lOHO 

16148 

080 

12  34 

110-24 

1099 

1-404 

|'4ri*i 

Sulphftta  of  alumiua . 

AI«0^3SO>+1BHO 

3S3-7 

176-4 

330.S 

IP815 

1090 

lOrtl 

1071 

BibonlAofM^i  .... 

Nii0.2H0^  +  lOHO 

191-23 

98-0 

12  25 

110  25 

1105 

1-734 

I'Tau 

2iNftO.P0^  +  lOHO 

334-15 

iw^ 

3440 

122^J0 

1230 

1829 

1-836 

Table  B. 


8a]  U. 

Furmuta. 

II 

■     Cr 

>  IP 

21 

4^ 

1^1 

lb 

i 

1 

r 

\\*0* 

3S0' 

+  KO,SO»  + 

3IH0 

476-fta 

935-2 

23*05 

1715 

274  4 

2740 

i7ao 

17SI 

w*  o» 

.SSO'' 

+  NU«0,SO^ 

+  31H0 

4«4-»ft 

2352 

2205 

2a  27 

38053 

"2*«j3 

l02Jt 

,  1-62  S 

c:r«o^ 

.aso^ 

+  KO,su>  ^- 

24H  Q 

5033 

2a4'2 

2205 

1715 

274  4 

3731 

t  834 

lH4a 

Ammonia  iron 

Fe*0'.3S0^ 

+  NHM>,S03 

+  3IHO    48103 

235-2  2206 

2;>-37l  3^-52 

2805 

1711 

1-715 

alum 

1 

w»te?  rf  onMdUntMi  far  f««TT ^  , 

ph»i»  of  ^IminUm  ptiMioM  l^aMW  cfv^tor,  •■lA»^w^»»rf  llij 

at  \U  hfm  M  10  V  I'tS.V    Ittuwai  «r  $mkk  tim  ujHillii  wMt  10 

M<im«  of  wM«,     IW  wyiMi  ai^kaftH  g— rfjy  y^*^^  VT-1 

%%wm  of  wnkf :  of  dMt  ko«i«v>r  J  wmmm  wm  mmiw^mmnm  !•■• 

pciwerAil  Mmxij  Om  iW  mc  Wi^  Aeiw  off  Vf  »  kMl  of  SIT,  oii 

oven  UBilor  oem^  fjrcoiomimooi  Hoifiiag  m  i 

mlurML    Tlio  oMiWr  of  oi^vw  of  wnr  oimb 

vsmj  ikorofiMO  bo  oMiiiio<o4  ot  &.  vUck  w  tkr  «emdl  wmmk 

Iho  iirdioATV  crvolote  «f  ooMoto  ^  offfcr.    Ao  tvIom 

lliMe  iolu'U  5' X  1 1:)5.    XowAo  iiJ—B  rftJidiwaOB 

Iho  unilvtilttiiifi  of  tlio  Wo  l^Jk  n  MWn  lki«  ^ke 

ioU  (in  whMi  llio  om4  4ooo  mi  i^yoor^  Mt  W  a 

M«5,  ilwt  ii  of  11H^\     U  Ao  im  omeo  of  m 


PlN^vfHir  oml  JouW  (OUi.  JfM.  Tcl  n.  f.  001) 

lihowing  thnt  in  uiony  cImooo  %>f  aJti    W^hot  

Iho  voluwo  in  Ibo  ««Uh|  timo  w  «  Mokifilo  «r  11  or  of  ohbo  maAm  rmj 
noor  it  Tho  oa^jitiMotHA  of  tkW  fcco  «  coaiowwJ  m  wkU  koo  jwl  hei* 
ttUlOil  ^ 

A  oumpound  la  ot  ovdinovj  ItiMtotufoooiAtr  toM,  lifoM  or 

I.  A  ■ulitl  oonipound  mmj  Ko*ftmo4 : 

1.  From  two  ^oaoo.    rpmfctiwiltoo.-^HWoxMofig  ofM  gm 

soliil  c(iiii]Kiiind  with  nmwiuiMMm)  «»<»  vii.  nl-amnKtBtoc. 

2.  From  a  |;HiKHm«  aud  a  liquid  KhIy.  .1  V^riVK^jt. — MemiTj  abmibo 
cliloriiid  ami  oxy^u  ^a.MVA,  foniim^  *^did  (t>m^v«und& 

il  From  a  Jra«ei)Uii  and  a  aidid  Univ.  Al^.»r}<iKm  afun. — ^Inm  and 
othur  wjlid  nietaU  alvKurb  oxv^r^n  $:as«  and  hydrate  of  soda  abeorfao 
vurhoiiio  acid  gv^ 

4,  From  two  11(^n]da.-*-MercaTT  and  bn^mine. 

5.  From  a  liquid  and  a  toliil* — Meivarv  forms  st>lid  amalganw  with 
Mveral  metala]  burnt  lime  mixed  with  ^  its  wolvrht  of  water  crumbles  to 
Milid  hydrate  of  lime ;  burnt  gypum  mixed  with  water  haidena  into  tho 
atate  of  gypaum  combined  wit£  water  of  crystalliiatton. 

fl.  From  two  aolida,  le^nerally  by  fusion. — The  combinations  of  metals 
with  one  another  or  with  sulphur. 

II.  A  liquid  compound  may  be  formed: 

1 .  From  two  gases.  CondtndotioH, — Hydrogen  and  oxygen  gases  com- 
bine and  form  water. 

2.  From  a  eas  and  a  liquid.  Ahsorption. — Water  absorbs  hydro- 
chloric  acid  gas  forming  solution  of  hydrochloric  acid. 

3.  From  a  gas  and  a  solid.  A  bsorption. — Arsenic,  antimony,  or  tin 
absorbs  chlorine  gas,  forming  a  liquid  metallic  chloride. 

4.  From  two  liquids.  Mixture  in  its  most  confined  sense. — ^Water  and 
alcohol ;  sulphuret  of  carbon  and  chloride  of  sulphur. 

5.  From  a  solid  substance  and  one  that  is  liquid  at  the  ordinary  or  a 
somewhat  higher  temperature.  Solution  in  the  wet  way. — Salts  and 
water,  camphor  and  spirit  of  wine,  snlphur  and  fatty  matters,  lead  and 
mercury. 

6.  From  two  solids. — Sometimes  in  the  cold,  as  common  salt  and  ice, 
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bjsiDn  tK-aDiaJgam  and  lead-amalgam ;  sometimes  not  beloi?^  a  i^  heat^  as 
rbon  and  aiilpliur* 
III.  A  coiupuuiid  gaseoua  at  the  ordinary  temperature  and  pressure  of 
the  air  arises  only: 

L  From  two  permanent  gases, — Hydrogen  and  ohlorlno, 

2.  From  apennanent  gas  and  a  liquid. — ^ Hydrogen  gas  and  bromine. 

3.  From  a  permanent  gas  and  a  solid, — Hydrogen  gas  and  sulplmr } 
oxygen  gas  and  carbon. 

Since  no  compound  whicb  is  gaseous  at  ordinary  pressures  and  tempo* 
ratures  is  ever  formed  by  the  combination  of  two  litjuids  or  two  solids  or  a 
solid  and  a  liquid,  while  on  the  contrary  solid  and  liquid  compounds  are 
formed  by  the  union  of  two  permanent  gases,  it  may  be  surmised  that  if 
any  of  the  bitlierto  umlecom posed  boilies  are  really  compound,  such  will 
pndiably  be  found  among  tbeaoliil  and  liquid  elaases. 

The  less  completely  the  mutual  affinity  of  ponderable  bodies  is  satisfied, 
or  in  other  worda^  the  leas  complicated  the  combinations  which  they  forjiij 
the  stronger  is  their  attraction  for  heat  and  the  greater  their  elaHticity ; 
those  elements  which  are  gaseous  imder  ordinary  circumstances  have  also 
on  an  average  the  smallest  atomic  weigh te. 

L  e.  Cri/st<iUine  Form, 

r  The  crystalline  form  of  a  compound  probably  bears  a  definite  relation 
to  that  of  its  elements.  Such  a  relation  however  has  not  yet  been  com- 
pletely traced  out,  partly  because  the  crystalline  forms  of  many  important 
elcmeulSj  oxygen  for  instance,  are  unknown, — partly  because  one  and  the 
same  suhstance,  simple  or  compound,  often  assumes  one  or  another  crystal- 
line form  acct^rding  to  circumstances,  i,e.  exhibits  IHmorphisnt,  {q»  v.) 
The  existence  of  such  a  relation  is  however  apparent  from  the  facts  by 
hrbich  Mitscherlich  has  established  hie  important  theory  of  hmnorphmn, 
*The  term  Immorphmts  in  its  widest  sense  applies  to  those  bodies  which 
can  replace  one  anolber  in  a  compound  without  producing  any  alteration 
in  the  crystalline  form  of  that  eompoundj  except  small  angular  differences. 
Such  bodies  in  ay  be  divided  into  the  following  groups. 

A.  Suhstaneeg  which  are  uomorpkoits  hoth  iw  the  separate  state  and  in 
mbination, — Substances  possessing  the  same  crystalline  form  and  replucing 
ae  another  in  combination  according  to  equal  numbers  of  atoms  without 

Iteration  of  crystalline  form.  Arsenic  and  antimony  crystallize  in  acute 
"bomhohedrons:  AsO'  exhibits  the  same  crystalline  form  as  SbO'\  and 
iiany  double  salts  containing  As  0^  as  one  base,  present,  according  to 
'itschorlich,  the  same  crystalline  form  as  the  corresponding  salts  in 
rbich  AsO'  is  replaced  by  Sb 0'. 

B.  ASubsUmcef  which  replace  on^  anoih^r  in  compounds  according  in 
equal  number  qf  atoms.  The  crystalline  form  of  such  substances  in  the 
separate  state  is  either  different  or  else  unknown j  but  they  replace  one 
another  in  combinations  according  to  equal  numbers  of  atoms  and  without 
alteration  of  crystalline  form.  Titanium  crystallizes  in  cubes,  tin  in 
regular  six-sided  prisms;  but  both  TiO^andSnO^  crystallize  in  square 
prisms.  The  crystalline  forms  of  lime  and  magnesia  are  unknown,  but 
CaO,  CO^  and  MgO,  0  0^  crystallize  in  obtuse  rhombohodrons.  This 
group  of  substances  may  perhaps  be  hereafter  shown  to  be  identical  with 

lie  lirat,  when  we  shall  have  become  acquainted  with  the  crystalline 
Orms  of  the.se  bodies  in  the  «-cpiirate  state  and,  possibly  have  discovered 
iat  their  difference  of  form  may  be  referred  to  Dimorphism, 

C.  Suh9i<ince%  which  replace  one  another  in  conibin^Uion  acco^'din^  to 
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tHwgiurf  fitMi5tfri  ef  aA>mi.-^It  ■ometimet  hmiM  thftt  one  aioa  «f  an 
elament  eonUined  in  %  eompomid  isreplaMd  by  two  or  mow  rtoM  rf 
anotliar  element^  or  by  two  other  elements  without  alftentioD  of  eijitelliae 
form.  Hyperohlonte  of  ootaeh  (K  O,  CI  0^  hM  the  wdm  Am  u  bTpw- 
manganate  of  potaeh  (K Oi  Mn^  O'^;  here  1  At  ehlorine  is  nplafled  bj  S 
At  mannnese.  Sal-ammoniae  fN  H'  CI)  erystalliass  in  the  saae  Chb 
as  oUoride  of  potassinm;  henoe  IC  and  N  H*  are  isomoqAona.  In  oaeh 
oases  no  saeh  ehemieal  resemblance  exists  between  the  interehaogeaUe 
bodies  as  in  cases  A  and  B :  thos  manganese  bean  no  lessmhhiice  to 
chlorinOi  nor  does  nitrogen  to  potasunm. 

The  following  is  a  general  view  of  the  sereiml  gronjps  of  simpk  and 
oomponnd  sabstanoes  which  exhibit  the  same  erymlme  fimn  witb  or 
without  slight  differences  of  angular  magnitude.  Eadi  gtonp  of  iaomor- 
phons  substances  is  distinguished  by  a  number :  if  it  oontaus  bodies  of 
different  stoichiometricai  nature  it  is  further  subdirided  by  meana  of 
letters.  The  same  substancoi  if  dimorphous  or  trimorphonSy  may  be 
rapeated  in  different  groups.    Mitsdierlicb's  observations  are  denoted  by 

RtgyHar  Sydem.  * 

1.  H<mahedrai.    a.  C  (Diamond)  P,  K,  Ti,  Bi,  Cd,  Pb,  Fe,  Co,  Ag, 

*  h.  Co  As,  Zn  S,  Pb  S,  CoS,  AgS,  KI,  Nal,  KBr,  NaBr,  NH^Cl, 

K  CI,  Na CI,  L  CI,  Ag  CI,  K  P,  NaP,  Ca  P. 
e.  Cv?  0,  Cu«  S,  Cu'  CI,  Hg'  Ag. 
d.  As  C,  Sb  0\  Wmer. 
€.  Mg  0,  AP  C,  (Spinell),^Mg  0,  Fe'  0*,  (Pleonast),-Zn  0,  AP  0*, 

(Gahnite),— Zn  0,  Fe'  0',  (Franklinite),— Pe  0,  Fe'  (P,  (Magnetic 

iron  ore).     Abkh. 
/.  Ba  0,  N  0*,— Sr  0,  N  0*,— Pb  0,  N  0«,  and  according  to  BerxeUus, 

Pb  O,  N  C. 
g.  N  H*  01,  Pt  CT,— N  H*  a,  Ir  a»,— K  CI,  Pt  CP,— K  CI,  Ir  Cl,«— 

KCl,  OsCP.     Berzelius. 
h.  NH^O,  Al-0\  4S0\  24Aq.— NH*0,  Cr«  0',  4S0',  24Aq.— 

NH*0,  Mn'O',  4S0^24Aq.— NH*0,  Fe«  0\  4S  0\  24Aq.— 

KO,  AP  0\  4S0\  24Aq.— KO,   Cr*  0\   4S0\  24Aq.— K  O, 

Mn'  0\  4S  0\  24Aq.— K  0,  Fe'  0\  4S  0\  24Aq.— Na  0,  AP  (P, 

4SO\24Aq.     Mi. 
i.  K  0,  AP  O',  4Si  0-,  (Leucite). 
k.  Na  0,  AP  0\  4Si  0-,  2Aq,  (Analcime). 

2.  In  pentagonal  dodecahedroue :  Fe  S*  (Iron  pyrites).— Co'  As  S' 
(Cobalt-glance). 

Four-menibered  or  Square  Prismatk  System, 

3.  Ca  0,  W  0\— Pb  0,  W  0',— Pb  0,  Mo  0',  Levy  (Pogg.  8,  513),— 
PbO,CrOl    JohfiBUm.  .       J^  \     yy     »        ;> 

4.  Ni  0,  S  0',  7Aq.-.Ni  0,  Se  0',  7Aq.— Zn  0,  Se  0\  7Aq.    Mt. 

5.  N  H*  0,  2H  0,  T  0\— N  H*  0,  2H  0,  As  0*,— K  0,  2H  0,  P  0',- 
KO,  2HO,A80^    Mt. 

6.  3Cu  0,  2Ur'0\  3P  0*,  24Aq.— 3Ca  0,  2Ur'  O',  3P  0\  24Aq. 

7.  2NH^  AgO,  S0',-.2NH^  AgOSeO\— 2NH»,  AgO,   Cr(P. 

Mt, 

8.  a.  Ca  Fe  S'  (Copper  pyrites) — h.  Mn'  0'  (Braunitc).    K(^ell. 

9.  Ti  0'  (Rutilo),--Sn  0^  (Tinstone). 
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10.  a.  Ti  0-  (Auatase). 
6,  K  0,  8Ca  0,  15Si  0-,  1(5 Aq  [?]  (ApopLjllit<>).     XobdL 

11.  a,  2ZrO,  SiO-(Zirconl 
b,  3Ca  0,  2AP  0\  5Si  &  [?]  (Wernorite).     BreitkaupL 

Tufo-and'two'jjtemhcrcd  or  -ffi^Al  Prismatic  Sy^iim^ 

12.  Sulphur. — Iodine. 

la  A«0\«SbO^     WoUler. 

14.  a.  FeS-  (White  iron  pjntea).^-^*  Fe'AeS^  (Arscnicul  pyrites). 

15,  a.  Mn"0^  HO  {Mauganite). 

6.  2Ca  0,  Al^  O;  3Si  0',  Aq  [I]  (Prehnite).     KohelL 
IG.  a.  Ca O,  C0=  (Arragonit€),— Ba  0,  C 0^— Sr  0,  C 0',— Pb  0,  C Q\ 
b,  K  0,  N  01 

17.  a.  Ba  O,  S  0\— Sr  0,  S  0^--Pb  0,  S  0\     ML 

6.  N  IP  0,  CI  O^^N  H^  0,  Mn^  O^-  K  0,  CI  0\— K  0,  Mn*  0\ 

ML 

18,  a.  Na  0,  S  0\— Na  0,  Se  0\— Ag  0,  S  0^— Ag  0,  So  0»  (AV.  59), 

Ml 
t.  BaO,Mn^O".     ML 
lf>.  a.  K  0,  S  0',^K  0,  Se  0\— K  0,  Cr.  0',— K  0,  Mn  0*  (/^.  7«). 

^.  NIPO,  S0\  Aq.    J/^ 

20.  a,  MgO,  SO^  7Aq,— ZnO,  SO",  7Aq,— Ni  0,  SO^,  7Aq,— 
Mg  0,  Se  0^  7Aq,^Zn  0,  Se  0',  7Aq  f/fo.  71,  72,  73).     i/^ 

k  SbS',     XoW/. 

21.  NaO,  P0\  4Aq,-Na0,  Aij  0\  4Aq  C%.  G4).     iTf. 

22.  2Mn  0,  Si  0'  {Cbrysolite),— 2Mn  O,  Si  Ov     Btrthki\ 

23.  NaO,  APO\  3SiO%  2Aq  (Natrolite),— Ca  0,  AP  0\  3Si  0\ 
3Aq  (Skolczitc). 

24.  BaO,  C^H'0>,  3Aq  (Acetate  of  baryta),- Pb  0,  C^l-"  0^  3Aq 
(Acetate  of  lead),  {jitj,  60).     ML 

25.  K^Fe^C/',— K'Co^C/ 

Two-and-one-meiiihertd  or  Oblique  Prismatic  ^ysitm* 

2(3.  «.  Sulpliur. 

k  K  0,  2S  0\  H  0,— K  0,  2Sc  0^  H  0.     i/<. 

27.  Fe  0,  Ta  0'  (Tantalite),^F6  0,  \V  0'  (VVolfrnni),     BreitkaupL 

28.  CaO,   SO^   2Aq,^Ca0,  Sc  0^   2Aq.    J7^-^F<jO,   S0\  2Aq. 

20.  FcO,  SO',  OAq.-^CoO,  S0\  (>Aq,— Mn  0,  SO*,  OAq,— CoO, 
Se  0^  6 Aq,— Mixtures  t>f  Fe  0,  S  0^  with  Cu  0,  S  0^  or  with  Zn  0,  S  0 ' ; 
fiijuilarly  of  Cu  0,  SO',  with  Zn  0,  S  O^  or  witU  Ni  O,  S0\  or  with 
^UO,  »0^;  dmilarly  of  Mn  0,  S0\  with  MgO,  S  0^  or  with  Zn  O, 
SO*,  always  in  cumbination  with  6  At.  water  (Jifj.  111).     3fL 

30.  M-O,  S0^  7Aq,^ZnO,  SOV  7Aq,— CoO,  S  0\  7Aq,— NiO, 
S  O*,  7 Aq,— MjL,^  0,  Se  0^  7Aq,— Co  0,  Se  0^  7Aq.     Ml 

31.  KaO,  S0\  lOAq,— KaO,  SeO-*,  lOAq,— NaO,  CrO^  lOAq  (/y. 
118,  no).    ML 

32.  2N  H*  O,  P  0^  H  O  — 2N  H*  0.  As  0\  H  0,  C/^.;.  93,  D4,  ^5).    ML 

33.  2NaO,  P  0';  25Aq,— 2NaO,  A8  0^  25Aq,  (Jff,  £>C— 100).     Mt. 

34.  a.  NaO,  2B0\  l*tAq,  (Borax). 
b,  CaO,  MgO,  2SiO-,  (Augite),--Na 0,  2Fc  0,  4Si0-  [1]  (Ach- 

mite).     KohttL 


d5.  alitO,SAP(y,58iO'  [f]  (Emkkm)r^^Om(KUrV,mV'  [Q 
(Zmriuy,    BrociBt. 

Om-md  mt  mmUrtd  or  IhmUjf  OUifm  Ftitmatk  S^m« 

M.  MnO,  80>,  iAq,-MDO,  Se(f,  iA^— ZbO,  SaO*,  4Av-CSoO^ 
80  O',  4  Ad.    JAL 

97.  C«e,  80>,  5Aq,— CnO,  80O*,  5Av-MbO,  80^  SAf.  O^Ul, 
122,123).    ifl. 

38w  a.  KftO,  aCb  O,  4APO>,  128iO>  (Uknder). 
k  MgO,  aCftO,  iAPO*,  8SiO*  (AaorAtte). 


80.  9Ag&,  Am»  (Liffbl  nd  d?er) — 8Af  8, 8b 8>  (Duk  nA  bHw). 

40.  a.  CaO,  C0«  (Cd«imr)^MgOrCO*r-CbO.  CO"  +  Mga 
CO'^MdO,  CCr-ZnO,  CO*,-.FeCf,  CO*  CH^.  141  aad/) 

6.  NmO,NO*^— KO,  NO*.    .r^mimMik 

41.  a.  8iO'(Qiuuii).— ».  CaO,  APO*,4SiO*,6Aa.  (ChalMBto). 

42.  APO^(O)fWidam),— Fe»0»,--CVO»,— FeriO^<IliMmto). 

43.  Af,-Sb,— Te.    BrtUkampL    Tin  sIm,  Meordin^  to  Bi«Mkaa]il» 
and  sine,  aeeofding  to  Nmmstli,  aTBUllue  in  nt^ukr  i ^^"-^  —^ — 


44.  8rO,  8«0»,  4Aq,— CnO,  S^O^,  4Aq,— PbO,  S»0»,  4Aq.    iTeMn. 

45.  CaCl,  9Cm0,  3P0'  (ApUite),— PbCl,  9Fb0,  3P0*  (CfambkienX 
— PbCI,9Pb0,3Ai0». 

46.  Mohaita  and  Bodiidjto.    Brwiie. 

47.  a.  Gd  Sy— Ni  S^IV  8*.— &.  Ni'  Aa  (KQpfaniieM)r-NF  Sb  9 
(Nickeliferoos  grey  antiinonj). 

e.  IrOa.    BrmtkampL 

48.  H  O  and  Zn  0,  cryatalliie  in  regular  aiz-aided  |iriama,  bnt  their 
laomorphiflm  haa  not  jet  oeen  eatabliahed  bj  the  determination  of  their 
angular  relations. 

From  these  data  the  isomorphism  of  the  following  simple  and  com- 
pound lK>dies  may  be  deduced : 

Carbon,  phosphorus,  potassium,  titanium,  bismuth,  cadmium^  lead, 
iron,  copper,  silver  and  gold?     (I, a) 

The  isomorphism  of  iron  and  titanium  is  more  completely  established 
by  (42)  inasmuch  as  Fe'  G^  and  Fe  Ti  Q*  crystallize  in  tbe  same  form,  and 
that  of  iron  and  cobalt  bj  (25). 

Potassium,  sodium,  lithium,  calcium,  zinc,  lead,  siiTert     {l,b) 

Oxygen,  sulphur,  chlorine  t     ( 1 ,  c) 

Arsenic,  antimony  and  tellurium  (1,  </,  13,  39,  43). 

Platinum,  iridium  and  osmium  (1,  g). 

One  atom  of  arsenic  probably  replaces  two  atoms  of  sulphur,  inasmuch 
aa  Fe'S'  and  Cd-AsS'  have  the  same  form  (2) :  so  likewise  Fe-S'  and 
Fe'AsS'  (14). 

Potassium  and  ammonium,  NH^  (1,  h  and  g, — 17,  6). 

KOand  NH^O;  also  nnder  certain  circumstances  NaO  (1,  A, — 5). 
On  the  other  hand  we  might  admit  from  (19)  that  N  H^  0  +  H  0  replaces 
KO. 

NaO  and  AgO  (18,  a).  Just  as  KO  in  alum  is  isomorphous  with 
Na  0,  so  likewise  in  combination  with  N  O^  it  may  under  peculiar  cir- 
eomstancos  crystallize  in  obtuse  rhombohedrons  exactly  like  those  of 
NaO,  NO'  (41),  so  that  NH«0,  KO,  NaO,and  Ag  0,  may  be  regarded  as 
iaomorphous  in  one  or  other  of  their  states. 

Mg  0,  Mn  0,  Zn  0,  Fe  0,  Co  O,  Ni  0  and  Cu  0,  have  been  shown  to 
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be  isomorphous  in  their  oombtaations  with  carbonic,  milpburio  and  selenio 

acids  (1,  ^,—,4,— 20,— 22, — 2f), — 30, — 36),  Lime,  CaO,  is  also  related  la 
thnn  in  one  of  lU  iHmorpbous  Btatos. 

PbO,  BaO,  SrO,  and  CaO  (in  one  of  its  states)  ar«  isomorpbous 
(I,/,— 3,— 16,--17,— 24,— 44,— 45). 

According  to  (3c»),  if  the  fomniliB  are  correct.  Be  0  la  isoraorphous  with 
Ca  0,  According  to  (23),  we  might  suppose  that  Na  0  is  intenjhangeabla 
with  CaO,  HO. 

ArO\  Or  O^  and  Fe'0\  are  isomorphoas  in  the  separate  state  (42); 
Mn'O^  is  also  isomorphous  with  them  in  combination  (1,  r, — 1,  h). 

Ti  0'  and  Sn  O'  are  isoniorphous  in  the  separate  state,  (9)  although  Ti 
and  So  crystiillise  in  different  forms. 

W  0^  in  combination  is  isomorphous  with  Mo  0*  and  Cr  0^  (3),  alao 
with  TaO^  (27). 

SO*  in  combination  is  isomorphons  with  ScO*,  CrO*,  and  Mn  0* 
(4,— 7,-18,  a,— 19,— 20,— 2G,  6,*-28,— 29,— 36,— 37).  Cr  0*  seema 
also  to  form  a  connecting  link  of  the  aeHes  W  0*,  Mo  0*,  Cr  0',  Mn  0\ 
Se  0^  and  S  0^. 

PO'and  AsO^  are  also  isomorphous  in  combination  (5, — 21, — 32,— 
33,^—35), 

CIO'  in  eombination  18  isomoqihooH  with  Mn*0'  (17,  G). 

The  fallowing  similarly  fcinned  oompoundy,  however,  dilfer  so  mnch  in 
their  chemical  propertie^^  that  their  similarity  of  shape  can  scarcely  be 
regarded  as  reuniting  from  the  substitution  of  one  element  for  another; 

PbO,  NO^  and  PbO  N  0\  (1,/)  hare  the  same  form  though  they 
differ  in  composition  by  2  At.  oxygen. 

LenciCe  and  Analcime  have  the  same  conipositioii,  (If  t)  excepting  that 
the  latter  contains  2  atoms  of  wat«r. 

Copper-pyrites  CuFeS^  and  Braunite  Mn^O^  (K).  Hero  it  must  be 
supposed  that  3  atoms  of  oxygen  may  bo  substituted  for  2  atoni«  of 
Bufphar. 

Anatase  and  Apophyllite  (10). — Zircon  and  Wemerite  (11). — Manga- 
nite  and  Prehnite  (l^^O; — all  diflering  irreconcilably  in  their  chemical 
composition. 


Arragonite.  Ca  0,  C  0^  and  nitre  K  O,  N  0^  (I©).' 
iclKO, 


2Mn  0'  on  the 


BaO,  SO^  on  the  one  hand,  and  K  O,  CI  0'  and 
other  (17). 

Na  0,  S  O""  and  Ba  O,  Mn-  0^  (18). 

SbS»  and  MgO,  S0\  7A(j  (20) — S  and  KO,  2S  0^  HO  (20).— 
Borax,  NaO,  2B0\  lOAg  and  Aiigite,  CuO,  MgO,  2Si  0-  (34).— Labra- 
dor and  Anorthite  (38). 

Lastly,  of  totally  dissimilar  composition  are:  CaO,  CO'  (Calcspar) 
and  Nab,  NO'  (40).  — Quartz  and  Gbabasite  (41).  — Mohsite  and 
Eudial^^e. 

Attempts  have  been  made  to  bring  some  of  these  cases  in  accordance 
with  the  theory  of  isomorphism  by  altering  the  atomic  weights  of  some  of 
the  eabatances  concerned.  The  following  is  one  of  the  most  remarkable 
instances  ofthi.s  kind;  CaO,  CO*  as  arragonite  is  isomorphous  with 
nitre  (KO,  N  O^)  in  its  usnal  form  (16);  CaO,  C  0\  asi  calcjapar,  with  KO 
NO*  as  it  is  sometimes  obtained,  and  with  NaO,  N  O^  as  it  always 
i  erystalPues,  Hence  CaO,  CO' in  it-*?  two  conditions  is  isomorphous  with 
I K  O,  N  0*  in  its  two  conditions.  For  this  reason  Count  Schaflgotsch 
halves  the  atomic  weight/*  of  potassium  and  nitrogen;  nitre  then  be- 
comes KO^  NOH  =;^  KNO^     Tbih  agrees  with  CaO,  CO^  ^  Ca  CO^; 


J 


AmiflTT. 

In  botih  eompoondi  3  atomi  of  oxygen  ai6  oonilntted  with  1  ttott  of  i 
tad  1  atom  of  mther  OMrbon  or  nitrogen.  This  hahring  of  the  s 
weight  of  potMtinm  inTolrea  the  halrinff  of  thoee  of  ammoniini  (N  W), 
•odmniy  eilTer  and  gold,  beeanee  potaeh  is  iaomorphoos  widi  oaode  of 
ammoninm  (N  H^O)  andsoda^  and  ihB  last  of  these  with  oxide  of  silfer: 
and  beeanse  silrer  in  oombination  with  the  most  Tarions  quantities  ef  goU 
always  crystallises  in  the  same  form,  a  eircomstanee  whidi  indieales  the 
isomorphism  of  these  two  metals.  The  hairing  of  the  atonue  weight  ef 
silrer  nad  before  been  proposed  by  H.  Rose,  beeanse  in  giey  eqpper  oro.l 
atom  of  silrer  takes  the  place  of  2  atoms  of  coi^»er,  wSi  the  eiystaDiiie 


form  of  AgS  as  well  as  that  of  Gn*8  belongs ~to  the  r^gnlar^systeoL 
According  to  this  riew  the  atomic  weights  of  N,  H,  K,  Na^  Ag^  sod  An 
would  be  reduced  to  one-half  of  the  runes  now  asrigned  to  them;  potash 
would  be  K*  0,  soda  Na'  0,  oxide  of  silrer  Ag*  0,  and  suboxide  of  silrw 
Ag^O,  By  halrinff  the  atomic  weights  of  potassium  and  chlorine  the 
similar  forms  of  K  O,  Gl  0^  and  Ba  0,  S  0*  wonld  also  be  explained,  (17) 
for  the  composition  would  then  be  K  CI  0^  and  Ba  8  0^ 

Chrkoi  on  the  contrary,  doubles  the  atomic  weights  of  sodiom  and 
silrer  in  order  to  reconcile  the  composition  of  NaO,  8  O*  and  AgO,  80* 
with  that  of  Ba  0,  Mn*  0'  (1 8).  He  thus  obtains  Na  0',  28  0*  =  NaS*0* 
and  Aff  0\  28  0*  =  Ag8'  0**;  and  this  formnk  agrees  with  BaO,  Mn* O' 
as  Ba  Mn'  0\  But  since  the  atomic  weight  of  potassium  must  be  doubled 
as  well  as  that  of  sodium,  the  explanation  of  case  (18)  becomes  by  this 
alteration  more  difficult  than  before. 

Witli  regard  to  these  attempts,  we  cannot  but  agree  with  the  riew 
recently  adopted  by  Johnstone  ^who  formerly  made  trial  of  the  same 
hypothesis  as  Count  8chairgotsoh),  vis.  that  many  of  the  formnlm  of 
isomorphous  bodies  cannot  bo  made  to  agree  with  one  another  in  any  way 
whaiovor— others  only  by  moans  of  hypotheses  which  are  either  contradic- 
tory or  /(roatlr  impair  tlio  simplicity  of  the  chemical  formulae.  Although 
similar  fonrnilip  often  involve  similarity  of  shape,  it  does  not  by  any  means 
follow  that  siniilar  forms  arc  inconsistent  with  dissimilar  formulso.  There 
exists  iKsrhnps  a  higlior  law  by  which  these  cases  might  be  explained :  thedis- 
cororr  of  such  a  law  would  give  a  new  form  to  the  theory  of  isomorphism. 

Koftp  and  Scliri^dor  have  remarked  that  isomorphous  substances  have 
e(|ual  atomic  volumes  (and  therefore  also  equal  atomic  numbers).  The 
simple  substances  (Tabic,  page  55)  exhibit  approximations  to  this  law,  at 
least  in  sonic  cohos:  e»g,  Ni,  Mn,  Co  and  Fe;  W  and  Mo ;  I,  Br  and  CI. 
But  the  atomic  numl)crs  of  Sb  and  As,  of  Na  and  K,  of  Mn,  Cr,  S  and  Se, 
which  at  least  are  isomorphous  in  their  acids,  differ  widely.  According  to 
table  (page  68)  equal  atomic  numbers  are  exhibited  by  AP  0^  Cr*0'  and 
Pe«0«;  by  Ti  0'  and  SnO';  by  W0»  and  MoO»;  by  AsO'  and  SbO«; 
by  several  anhydrous  carbonates,  sulphates  and  nitrates  (some  too  not 
isomorphous) ;  and  by  several  hydrated  sulphates.  Exceptions  are  however 
presented  by  K  0,  S0»  and  K  0,  Cr  0»;  and  by  K  CI,  Na  CI  and  Ag  CI ; 
moreover  the  merely  approximate  agreement  in  the  atomic  numbers  of  the 
first  named  compounds  may  in  a  great  measure  be  explained  by  the  fact 
that  similar  formula)  give  nearly  equal  atomic  weights,  and  these  being  used 
as  divisors  of  nearly  equal  specific  gravities,  the  quotients  cannot  differ  much 
from  another.  On  the  other  hand,  Kopp  has  shown  that  the  small 
differences  between  the  angles  at  the  edges  of  the  obtuse  rhombohedron  of 
calcspar  and  the  corresponding  angles  in  the  other  carbonates  which  are 
isomorphous  with  it,  probably  bear  a  simple  relation  to  the  different 
volumes  of  the  atoms  of  which  these  crystals  are  composed. 


HELATIONS  TO  ItlSAT. 

IT  A  peculiar  kind  of  isoniorpLism  has  recently  been  discovered  by 
Scbeerer  (Poffg,  08,  310)  wbicli  appears  to  play  an  important  part  in  tbe 
mineral  kingdom.  By  the  analysis  of  n.  great  number  of  niinenils  Sclieerer 
find^  tliat  one  atom  of  magnesia,  proloikio  of  iron,  or  protoxide  of  man- 
^nese— and  probably  also  of  oxiJe  of  zinc,  protoxide  of  nickel  and  prot 
oxide  of  cobaU^nmy  be  replaced  by  3  atoms  of  water,  and  one  atom  of 
oxide  of  copper  by  two  atonib  of  water— witbout  cbmagc  of  crystalline  form. 

Tliis  kiad  of  isomorpbi-sm  ban  received  tbc  name  of  Polymeric  Isojnor- 
phism:  it  wa^  first  noticed  in  tlie  minerala  Cordierjte  and  Aspa^iolite, 
Tbese  two  minerals  cryi^tsillize  in  the  same  form,  and  crystals  are  found 
consisting  partly  of  cordierite  an<l  partly  of  aspasiolite,  tbe  most  complete 
transitiona  from  one  to  tbe  other  occurring  in  the  same  specimen.  Moreoycr, 
Wlb  miuerals  contain  nearly  tbo  same  proportious  of  silica  and  alumina; 
but  aspasiolitc  contains  a  smaller  quantity  of  magncaia  and  a  larger  quan- 
tity of  w'ater  than  condiorite,^ — tbe  difference  being  sucb  that  3  atoms  of 
water  in  tbe  former  may  be  regarded  aa  tbe  cquiTalent  of  1  atom  of  mag- 
nesia in  the  latter,    [  Vid,  Neumann,  Journ^fur  Praki.  Chem.  40, 1.]! 

On  the  subject  of  Isomorpbidm  sec  tbe  already  (page  32)  cited  treatises 
of  3Iitfc'cbcrlieli,  Beudaut,  WoUaston,  Hauy  and  Marx;  likewiao  Kobell 
(SvJiW.  64,  41).— Breithaupt  (/.  pr.  Ch.  4,  249  and  For/f^.  51,  510), 
Persosi  (Ann.  UMm.  Ph/s.  GO,  119;  also  Ann.  Pfi^rm.  18.  241).— Brooke 
(PhIL  Maih  */*  12,  40aj.— Johnston  {Phil  Mag.  /.  12,  235  and  480;  13, 
305).— Count  Franz  Scbaffgotscb  {Fogg.  48,  335). 

rf.  Felations  to  Heat, 

Fusihilitg. — Compounds  are,  for  tbe  most  part,  more  easily  fusible  than 
their  elements.  No  metallic  alloy  is  more  refractory  than  either  of  its 
constituent  metals,  but  many  are  more  easily  fusible  than  either  of  their 
components  in  the  separate  state.  The  earths  also  become  more  fusible 
by  combination.  An  alloy  of  nickel  and  platinum  mclt»  at  tbe  same 
temperature  as  copper;  alloys  of  lead  and  tin,  load  and  bi^mntb,  iirc, 
melt  more  easily  than  either  of  those  metala  by  itself^  Iron,  by  com- 
bining with  tbe  infasiblc  tmbstance,  carbon  (in  steel  and  cast-iron),  be- 
comes more  fusible  than  it  is  in  tbe  pure  Btate.  Silica  is  not  fusible  in 
the  blast-furnace,  neither  is  lime,  baryta,  strontia,  alumina,  or  magnesia, 
—but  the  combinations  of  silica  with  these  bodies  are  unable  to  resist 
such  a  temperature. 

Many  metallic  sulpburets,  on  tbe  contrary,  are  less  fusible  than  their 
elements,  e.g.^  K  S,  Zn  S,  SnS,  HgS;  others  are  less  fusible  than  sul- 
phur, but  more  fusible  than  the  metal,  e.y.,  FeS,  AgS;  but  none  of  them 
arc  more  fusible  than  sulphur. 

Why  tbe  melting  point  of  a  compound  should  be  sometruips  between 
those  of  its  elements,  sometimes  below,  and  sometimes,  thougb  rarely, 
above  tbem  botb^  has  not  yet  been  explained. 

VolntUiiy. — ^1,  Tbo  elasticity  of  a  compound  is  generally  less  than 
that  of  either  of  its  elements.  A  solid  or  liquid  may  bo  fonned  by  tbo 
combination  of  two  gases,  but  no  permanent  gas  is  ever  formed  by  the 
Union  of  two  liquid  or  solid  bodies  (p.  87).  Fbospburet  of  nitrogen, 
when  excluded  from  the  air,  will  sustain  a  white  beat  without  decomposi- 
tion or  volatilization,  and  even  without  fusion* 

2,  Tbe  volatility  of  a  compound  is  very  often  of  an  intermediate 
degree;  the  more  volatile  element  seems  to  impart  a  portion  of  its  vola- 
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iWiiy  to  tiie  otlier.     Carbon  become*  gmaeoufl  by  combioing  witk  oxjgen^ 

hydrogen,  or  nitrogen;  sulpliur  with  oxygen  or  hydrogen — selenlotn^ 
iodino,  bromine,  arwjnic,  antimony,  and  ph'osfphoms,  with  hydrogen ;  but 
all  these  gsteous  coiti|>oundi  are  leea  permanent  than  pure  oxygen, 
hydrogen,  or  nitrogen  gai,  for  most  of  them  may  ^»e  liquefied  by  pressure. 
Lead,  silver,  iron,  &c.,  in  combination  with  chlorine,  are  yolatile  at  a 
moderate  red  heat. 

3.  Very  few  compounds  are  more  volatile  than  cither  of  their  con- 
stituents. The  most  striking  instance  is  that  of  sulpbaret  of  carboUi 
which  boils  at  40*  C.  (=  114  S''  Fah.) 

These  relations  also  have  not  yet  becJi  reduced  to  any  regular  law ; 
thus  mucb,  however,  may  be  said,  that  a  conipomid  of  given  elements  is 
for  the  most  part  less  volutilc  tho  greater  the  number  of  atoms  of  which 
the  compound  atom  13  made  up*  Suli*liurous  acid  S  0*  is  gaseous,  sul- 
jdiuric  acid  S  0'  is  solid  ;  tlie  latter  contains  1  atom  more  of  the  more  vola- 
tile element,  oiygenj  but  its  total  number  of  atoms  is  4,  that  of  sul- 
phurous acid  only  Q.  1  At.  nitrogen  forms  gaseous  compounds  with  I 
and  2  At.  oiygen,  liquid  compounds  with  3  or  4  atoms  of  that  element. 
Cyanogen,  C*  N,  is  gaseous,  mellon,  C  N*,  solid,  although  it  contains  a 
greater  proportion  of  the  more  volatile  element.  In  tsome  cases,  however, 
the  greater  volatility  of  one  of  tlio  elements  more  than  compensates  for 
the  greater  number  of  atoms  in  the  compound;  thus  Fe*  CI'  is  more  vola- 
tile than  Fe  CI,  though  the  former  contains  5  atoms,  the  latter  only  two. 

[For  the  specific  heat  of  compounds  vide  Heat.] 

f,  Rd<iiions  to  Liffhi. 

Transparency, — A  chemical  compound  is  cither  trauRparent  or  opaque; 
in  the  former  case  it  transmits  light,  coloured  perhaps,  but  always  clearly, 
beeaur^e  chemically  combined  bodies  refract  light  as  a  whole;  turbidity 
always  indicates  mechanical  mixture.  Two  transparent  substances 
alw.iys  form  a  transparent  compound,  two  opaque  ones  an  opaque  com- 
pouud;  the  compounds  of  transparent  with  opaqiio  bodies  are  sometimes 
opaque,  sometimes  transparent.  Oxygen  combined  with  metals  some- 
times forms  transparent  compounds,  such  as  the  alkalis  and  earths,  oxide 
of  stinc,  oxide  of  autimotiy,  araenious  acid;  sometimes  opaque  compounds, 
e*  ^.,  peroxide  of  manganese  and  magnetic  iron  ore :  tho  compounds  of 
milphur  with  potassium,  zinc,  arsenic,  and  mercury  are  transparent,  those 
with  aiitimouy,  iron,  copper,  and  .silver,  opaque.  On  the  other  hand,  all 
the  metallic  fluorides,  iodides,  bromides,  and  chlorides  appear  to  be  trans- 
parent. According  to  this,  fluorine,  chlorine,  bromine,  and  iodine  would 
aeem  to  have  the  greatest  tendency  to  transparency,  and  oxygen  a  greater 
tendency  than  sulpliur,  inasmuch  as  the  compcmudw  of  antimony,  tellu- 
rium, and  bismuth  with  oxygen  are  transparent,  while  their  sulphurets 
are  opaque.  Among  the  metals  those  which  show  the  smallest  tendency 
to  induce  opacity  in  compounds,  are  the  alkaline  metals  and  arsenic;  for 
all  compounds  of  these  metals  with  transparent  substances  are  themselves 
transparent. 

Jirfnutive  Power, — The  refractive  power  of  gaseous  compounds  is 
sometimes  greater,  sometimes  less  than  the  mean  of  the  refractive  powers 
of  the  constituent  gases. 

This  is  fehown  by  the  following  table  of  Dulong  (Build,  pkilamaf.^ 
1825,  132),  %vhicli  also  contains  the  refractive  powers  of  some  of  the 
simple  gases.  Column  A  contains  the  names  of  the  gases; — B,  their  re- 
fractive powers  determined  by   observation^   that   of  air  =  1 ; — C,  the 
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refractive  power  which  the  compound  gases  should  exhibit  aceordiag  to 
calenlation,  takbg  the  mean  between  the  refractive  powers  of  the  com- 
ponent ffti^es;— D,  thejr  fijiecific  gmriiles; — E,  the  qjecific  refractive 
power,  obtained  by  dividing  the  observed  refractive  power  by  the  apecific 
gravity. 


Air 

Oifgea 

Hydrogen 

Chlorine. .  * . , 

Nitrogen 

C&rboDic  oxide * 

Carbotiic  ncicl 

Sulphuroufl  add ». 

Sulphuretted  hydrogen 

Vftpoor  of  sulphuret  of  carbon 

Hydrochloric  acid  gas 

Phoigene  gas •,,,.... 

Nitroui  Glide* 

Nitric  oxidti 

Ammoniacal  gaa 

01«fiant  gBM  . .  > 

Light  carburetted  hydrogen . . 

Cyanogen ,»....,< 

Hydrocyanic  acid  vaponr  .  • . . . 
Alcohol  vapour  ...,.,•«.... 

Ether  vaponr. 

Vaponr  of  hydrochloric  fither   , 


l-OOO 
0-924 
0-470 
2-623 
1020 
1  157 
1*626 
2260 
2187 
5*179 
1-&27 
3-936 
1-710 
1*030 
1*309 
2*302 
1'504 
2-832 
l*&31 
2*220 
5*2^0 
3*720 


1*619 


1  647 

3*794 
1-4B2 
0'972 
1-216 


1*651 

3-829 


D. 


1*0000 
1*1093 
00693 
2- 1543 
0*9706 
0*9709 
1*5252 
2-2185 
1*1786 
2*6345 
1-2618 
3*4240 
1*5252 
1-0399 
0-5893 
0-9706 
0-5546 
1*8026 
0*9359 
1*5946 
2-6652 
2-2322 


From  these  numbers  Dnlong  concludes  that  when  a  compound  gn»  h  of 
an  acid  nature  ita  refractive  power  is  below  ihecalcnlated  raeanj  but  above 
the  mean  when  the  ga«  is  alkaline  or  neutral;  hydrochloric  ether,  however, 
form!*  un  exception  to  this  rule.  If  it  be  admitted  that  the  refractive 
irowor  of  a  substance  is  directly  proportional  to  ita  density  and  in  flam ma- 
bility»  the  latter  will  be  found  by  dividing  the  refractive  power  by  the 
specific  gravity.  The  quotients  m  column  E  agree  very  well  witfi  this 
view ;  hydrogen  has  the  greatest  refractive  power,  and  oxygen,  the  sul>- 
atance  most  opposed  in  ita  proi>ertie«  to  combustible  bodies,  the  smallest. 
The  other  numbers  also  agree,  excepting  that  the  refractive  power  of 
sulphoret  of  e4xrlRm  t^bonld  be  smaller  than  that  of  eulpburetted  hydrogen, 
ainee  the  former  coutams  2  atoms  of  the  less  combustible  substance  enU 
phur  to  1  atom  of  carbon,  the  latter  e<|ual  u umbers  of  atoms  of  sulphur 
and  hydrogen;  the  refractive  power  of  nitrous  oxide,  again,  ongfit  to  l>e 

I  smaller  than  that  of  nitrogen,  since  nitrogen  must  lose  some  of  iia  refract- 

[  ing  power  by  combining  with  oxygen. 

Some  compounds,  in  parsing  from  the  gaseous  to  the  liquid  state, 
Increiue  in  refracting  power  more  than  in  density,  as  was  first  noticetl  by 
Arago  and  Petit,  The  absolute  refractive  power  of  liquid  sulphurous 
acid  ought,  according  to  calculation  from  that  of  the  gaa  to  be  0  tf 6 1  :  its 
actual  value,  however,  is»  according  to  Do  la  Rive,  0*78  {A7in,  Chinu 
Fkyn.  40,  410,  eMr,  Potpj.  15,  528)  ;  that  of  liquid  ammonia  should   by 

k  calculation  from  that  of  ammoniacal  giV8  be  072-j,  and  that  of  sulpharette*l 

r hydrogen  0*7 tl7  ;  but  according  to  Faradajr,  the  refractive  powers  of  both 
these  liquids  exceed  that  of  water,  which  U  0*784. 
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Colour, — Colourlesa  anUstances  generally  produce  colourless  com- 
pounds ;  but  colourless  nitrogen  combined  with  colourless  oxygen  forms 
blue  nitrous  acid  and  red  hypo  nitric  acid ;  and  in  the  organic  kingdom 
we  nee  a  great  variety  of  coloured  compounds  fomied  by  the  uuton 
of  carbon  (which  is  colourles.?,  at  least  in  the  diamond),  hydrogen^ 
oxygen,  and  soraetimes  also  nitrogen.  Coloured  bodies,  such  as  aalphufj 
flelenium,  iodiDC,  and  the  metals  generally  form  coloured  compound*  by 
combination  amongst  themselves;  nevertheless,  iodide  of  potassinmy 
chloride  of  lead,  and  chloride  of  silver,  &c.  are  colourless.  The  com- 
pounds of  coloured  with  colourless  Wdies  are  sometimes  coloured,  some- 
times not;  thus  the  compounds  of  oxygen  with  sulphur,  selenium,  iodine, 
bromine,  chlorine,  and  most  of  tlie  lighter  metals,  are  white,  those  witli 
the  heavier  metals  coloured.  In  the  present  state  of  chemical  knowledge 
the  colour  of  a  compound  cannot  be  determined  beforehand  from  those  of 
its  constituents;  it  often  differs  i^eatly  from  them.  The  red  metal 
copper  combined  with  colourless  oxygen  forms  a  brown-black  oxide,  and 
this  combined  with  colourless  sulpliurie  acifl  forms  a  white  salt,  which 
again  in  combination  with  water  produces  the  blue  crystals  of  hydrated 
sulphate  of  copper  or  blue  vitrioL  Grey  chrominm  wit!i  a  certain  cjuan* 
tity  of  oxygen  forms  a  »2;reon  oxido,  which,  combined  with  various  colour- 
less acids,  forms  salt^s  of  which  some  are  green^  some  violet;  with  a  larger 
quantity  of  oxygen  chromium  forms  the  yellowish  red  chromic  acid,  whoae 
compounds  with  bases  are  sometimes  yellow  eometimea  red* 

The  law  of  Persoz,  (Attn.  Chim,  Phys,  60^  127;  also  Ann.  Pharm. 
18,  2*56),  viz.  that  when  the  higlier  oxide  of  a  metal  is  white  or  slightly 
coloured,  the  lower  is  bine  or  dark  coloured,  and  when  the  higher  oxide 
has  a  dark  colour,  the  lower  is  white  or  faintly  coloured,  is  true  aa 
regards  cerium,  titaniunit  tantalum »  tungsten,  molybdenum,  and  manga- 
nese, bnt  not  with  reganl  to  arsenic^  antimony,  and  tellurium,  Itoth  whase 
oxides  are  white  or  light-coloured,  nor  with  regard  to  copper^  silver, 
gold,  platinum,  and  others,  both  whose  oxides  are  dark-coloured. 

/.  Chtmical  and  Phifuologkal  Pelatiom, 

A  chemical  compound  generally  diflers  altogether  from  its  elements, 
both  in  its  affinities  and  in  its  action  on  living  animal  bodies.  In  some 
C4ises,  combination  develops  active  chemical  and  physiological  properties, 
in  otljcrs  it  destroys  those  which  previously  belonged  to  the  elements. 

Neither  sulphur  nor  oxygen  exhibits  any  affinity  for  the  greater 
number  of  salifiable  ha-'^es;  but  the  affinity  of  sulphuric  acid  for  these 
bases  is  very  strong  :  again,  neither  of  these  elements  reddens  the  blue 
colour  of  litmus,  but  this  cfiect  is  readily  produced  by  sulphuric  acid; 
the  same  elements  are  also  tasteless  and  destitute  of  corrosive  action, 
whereas  sulphuric  acid  has  a  sour  ta^te  and  is  highly  corrosive*  Nitro- 
gen, again  J  which  by  itself  is  one  of  the  most  indi  fie  rent  of  the  elements, 
produces  in  combination  with  oxygen  the  corrosive  substance  nitric  acid, 
with  hydrogen  the  powerful  alkali  ammonia,  and  with  carbon  and  hydro- 
gen the  highly  narcotic  hydrocyanic  acid.  The  poisonous  action  of  many 
metals  is  not  developed  till  they  are  combined  with  oxygen,  chlorine,  or 
other  bodies  of  like  nature.  Are  these  properties  jictually  produced  by  the 
act  of  combination,  or  are  they  previously  latent  in  the  elements  and  brought 
into  active  operation  when  those  elements  are  combined  with  others] 

Persoz  (Am}.  Chim.  Phi/s.  60,  127,  also  Ana.  Phmm.  18,  2.^5)  has 
laid  down  the  two  following  laws:- — 1.  All  bodies  which  in  combination 
with  chlorine  form  compounds  volatile  below  the  boiling  point  of  mercury, 
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protluce  acids  wlien  combined  with  oxygen;  viz.  hydrogen  [?],  carbon, 
boron »  phosphorus,  sulphur,  seleniuni,  bromine,  iodine,  nitrogen,  silkium, 
titmnium,  tun^'jjten,  vanadimn,  chroininni,  uranium^  manganese,  arsenic, 
antimony,  ttii,  and  osmium.  This  hiw  appears  to  fail  in  the  ca^se  of 
mercury  itself,  which  produces  no  acid,  but  is  notwilhstanding  less  vola- 
tile tban  corrosive  snblmiate.  2.  All  compounds  con  tain  inj^,'^  1,  3,  5  or 
7  atom.^  of  oxygen  arc  oitber  acid  or  basic  ;  tho^e  on  the  contrary  which 
contain  2  or  4  atoms  of  oxygen  are,  with  a  few  exceptions  which  disappear 
on  a  particular  hypotbesjb,  neither  acid  nor  basic.  Exceptions  to  this 
kware-=CO,  which  is  neither  acid  nor  bn.sic.  Mo  0^  YO^,  and  Pt  0", 
which  are  base.^,  and  C  0^  SQ-,  Se  0\  Ti  Q-,  Sn  0\  and  Te  0=,  which  aro 
acid.«f.  The  manner  in  ^hich  Peraoz  endeavours  to  get  ri^l  of  tbeae 
exceptions  looks  like  a  grat nitons  assumption.  It  is  nevertheless  truo 
that  by  far  the  greater  number  of  acidM  and  bases  contain  an  uneven 
number  of  atoms  of  oxygen. 

Tlie  cuHe  in  which  marked  chemical  and  physiological  properties 
existing  to  clcnionts  arc  caused  to  disappear  by  combiuation  is  most 
strikingly  exhibited  in  tbe  combination  of  acids  with  sitliltable  bases:  the 
cfiect  is  then  c^tlbnl  A^ettlntftzatiotK  Wlicn  an  acid  and  a  base  cond>in0 
in  certain  propter! if uis.  their  opposite  properties  are  mutually  destroyed, 
and  a  more  or  less  inditTerent  compound  is  the  result.  Hydrochloric 
acid,  for  example,  tastes  and  smells  strongly  acid  and  reddens  litmus; 
aniuionia  has  a  powerful  alkaline  smell  and  taste,  restores  the  blue  colour 
of  litmn.s  whicli  has  lK*cn  reddened  by  an  acid,  reddens  tnrmeric,  and 
givesa  green  colour  to  violet  juice — ^theso  chanifes  of  colour  being  again 
removable  by  acidic;  both  these  substances  in  tbe  concentrated  state  exert 
a  powerful  caustic  action  on  the  aninuil  body  though  in  diflereut  ways, 
and  cannot  thereffO'e  be  swallowed  without  injury,  except  in  very  small 
ipjantities  and  in  a  state  of  dilution.  If  now  the  aqueous  solution  of 
hydrochloric  acid  and  a*| noons  solution  of  aninionia,  be  mixed  in  certain 
proportions  (the  required  proportions  may  be  ascertained  by  the  nse  of 
litnma  or  turmeric  paper),  a  perfectly  neutral  compound  will  be  obtained, 
which  reddens  neither  litmus  nor  turmeric,  tastes  and  smells  neither  acid 
nor  alkaline,  but  Is  devoid  of  smell  and  has  a  saline  tu.s1e,  has  no  cor- 
rosive action,  and  may  be  swallowed  in  mnch  lurger  qnantiticK.  The 
two  substances  have  therefore  nfutraihed  each  other  both  chemically  and 
physiologically;  nnatfral  eompmfnd  !ias  been  formeil;  jieutntlitt/^nhenucfil 
ef|nilibrium,  chemical  indiflerence  lias  b<?en  produced.  The  proportion 
in  which  this  mutual  destruction  of  chemical  jjropertics  is  most  completely 
effected  is  called  tlie  p<*iftt  of  ueiteraiizafwn.  Exactly  one  atom  of  liydro- 
cldoric  acid  is  reuuired  to  neutralize  one  atom  of  ammonia.  If  to  this 
neutral  compound  a  fresh  (jufintlty  of  hydrochloric  acid  be  added,  the 
character  of  the  acid  will  again  become  evident  by  its  sour  taste  and  its 
efrcct  on  litmus;  it  will  pjrvati,  prtpondn^ate^  or  lo  in  e.vceittSj  or  the 
ammonia  will  be  mipfraatitntttd  with  hydrocliloric  a<!id:  similar  results, 
only  of  the  opposite  character,  would  bo  obtained  by  adding  more  am- 
monia lo  tl»e  neutral  compound. 


Addenda  to  the  TrtEoRV  of  the  Qttautattve  Alteeation  op 
Elk.mknts  in  Co.Mm nation. 

Although  the  properties  of  a  compound  are  mainly  dependent  on  those 
of  its  elements,  and  on  the  proportion  in  which  these  elements  are  com- 
bined, it  has  nevertheless  been  thovvn  by  recent  experiments  that  other 
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circumatancei  likewUe  have  an  itiiuence  on  ibia  m&tter,  mnd  thai 
poiindf  may  exiit  eompoaed  of  tLe  same  suLstances  id  the  same  propar- 
tioni,  nntl  yet  ponsessing  very  different  properties.  To  thU  part  of  the 
iuljeot  belong  Mitscberlicb^s  ibeory  of  Diinorfihisni,  Fuchs's  theorv-  af 
AraorpbiMm>  and  BerieUu^^a  theory  of  Isomerieoi,  Polymerism,  and  Meta* 
niori^in. 

a,  D\ftf*encfn  in  the  PropmiUi  of  Compounds,  which  may  be  explained  on 
the  Hypvftiiuk  qfd^mmt  Modei  afArranffemmt  of  their  ComfHnmd 
Atorm, 

m,  j)imarphism  and  Triniorphism. 

The  «Rme  stibwtnnces,  whether  simple  or  compound^  may  cryetalHie  iq 
forms  which  behmg  to  two  or  three  different  systems  of  crystalli nation,  or 
which,  even  if  tbey  heloiig  to  the  same  system,  yet  exhibit  such  differencei 
in  Iheir  oorreiponding  angles  as  to  render  it  quite  impossible  to  reduce 
ihom  to  tba  •ame  form:  thii  was  first  e^hown  by  MiU?cheriich.  This  dif- 
forenoe  of  cnratanitio  form  is  a«sociated  with  difference  of  specific  gravity, 
bardnesa,  colour*  and  other  properties.  Whether  a  hody  fiUall  crystallise 
in  ono  systonj  or  another  Recms  to  depend  chiefly  on  tcmperaturo.  Crystals 
forrnod  at  one  particidar  temperature,  and  then  exposed  to  that  temjiera- 
turn  at  which  crystals  of  a  diflereiit  kind  are  produced,  oft^n  lose  their 
tninii|)ttreiicy,  and,  irithont  aUerjition  of  external  form,  bet^ome  changed 
into  an  aggregate  of  small  cryetala  of  the  latter  kind.  We  may  therefore 
imagine  tuat  the  atorn^  of  the  solid  crystal  displace  one  another  in  such  a 
manner  as  to  bring  about  that  particular  arrangement  which  they  are  dis- 
poned to  af<aame  at  the  altered  temperature^  the  new  arrangement  belong- 
ing to  a  different  erystalline  system. 

The  c&eea  of  DimorphiHm  hitherto  observed^  including  those  relating 
to  film  pie  Bubstances,  are  an  follows : — 

Carlwn  in  the  dianjond  forms  crystals  belonging  to  the  regular  syetenii 
in  graphite  to  the  rbomhohedral  system, — ^nnleas  the  latter  are  to  be 
regarded  m  p»eudomoi*|dioii8  crystals. 

Sulplinr  cryHtallizeSj  on  coofing  from  a  state  of  solution  in  snlphnret  of 
carbon^  in  rhombic  octobedrons  belonging  to  the  right  prismatic  gys- 
tem  {j\t}.  41 — ^44),  exactly  like  tho^e  of  native  sulphur;  if,  on  the  other 
band,  melted  sulphur  he  allowed  to  cool  slowly  till  a  portion  of  it  ba^ 
hecomo  solid ^  and  the  still  liquid  portion  ho  then  poured  out,  the  solidified 
portion  exhibits  oblique  rhombic  prisms  helong-ing  to  the  ohliquo  prrs- 
matic  syfitenu  Tlieso  are  at  first  i>erfeclly  transparent,  of  a  deep  yellow 
colour,  and  somewhat  harder  and  tlenser  than  thoHc  of  sulphur  erystallized 
in  the  cold;  but  after  being  kept  for  a  few  day h  at  ordinary  temperatures, 
they  hcconie  opaque,  and  of  a  straw-yellow  colour.  At  the  lower  tem- 
perature, therefore,  the  atoms  of  sulplmr  arrange  themselves  in  such  a 
manner  as  to  form  a  rhombic  octohedron,  at  the  higher  temperature  jiiet 
below  the  melting  point  (about  1Q7''  C.,  or  224°  Fah.),  the  mode  of 
arrangement  is  such  as  to  produce  an  oblique  rhomhie  prism.  When 
thcHo  last- men tio tied  crystals  are  brought  to  a  lower  temperature,  a  general 
djKplacoment  of  the  atoms  appears  to  take  place,  whereby  they  arc 
brought  into  the  particular  relative  position  which  belongs  to  the  rhombic 
octohedron;  and  this  change  destroys  their  trani;parency,  because  in 
plac^  of  one  crystal  an  aggregate  of  crystalline  particles  is  produced 
which  refract  light  in  different  directions  (Mitscherlich),  According  to 
Frankenheim  {J,  pr,  Chem.  16,  5),  sulphur   assumes  the  form  of  the 
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oblic^ue  rhombic  prigm  when  precipitated  from  solutiona  or  eublimed  at 
tenipe  nit  urea  near  its  melting  point. 

Native  copper  general ly  occutb  in  cubes  and  other  forms  belonging  to 
the  regular  eyet^m;  but  Rauy  once  fonnd  it  in  double  six-sided  pyramids 
witli  truncated  edges  {fy^  13H),  See  beck  likewise  obtained  copper  after 
fusion  in  crystals  belonifing  to  the  rhombt>hedral  system*  According  to 
HaidiDger  and  H.  Rose  (Pogg.  23,  107),  however,  tlie^  crystals,  wnich 
apjiear  to  belong  to  the  rnombohedral,  are  really  niaclo  crystals  of  the  cube 
with  pyramidal  eummjt^  [fig.  9),  and  therefore  belong  likewise  to  the 
regnlar  system. 

Suboxide  of  copper  occurs  in  ordinary  red  copper  ore  in  regal ar  oeto- 
hedrons  and  other  forms  belonging  to  the  regular  system,  but  in  copper- 
hlooin  it  exhibits  a  regular  fiix-sided  prism,  whose  planes  of  cleavage  are 
parallel  to  tlie  faces  of  an  obtuse  rhombohedron.  (Succow,  Pogg.  34^  528.) 
This  may  be  regarded  as  a  case  of  dimorphism  similar  to  that  of  eopfKjri 
insofar  as  the  latter  is  really  dimorphous. 

Protoxide  of  lead  crystallizes  after  fusion,  as  well  as  from  a  saturated 
Bolutiuu  iu  hot  concentrated  caustic  potash,  in  yellow  rhombic  octobedrons. 
If,  however,  the  solution  is  not  fully  saturated  with  oxide  of  lead,  bo  that 
crystallization  does  not  take  place  till  after  complete  cooling,  red  crystal- 
litje  scales  are  deposited  on  the  yellow  rhombic  octohedrons  just  formeil : 
if  the  red  crystals  are  heated  they  turn  yellow  on  cooling,  in  cousequenc© 
of  passing  into  the  nrst  form.   (Mitscherlicb,  /.  pr.  C/ient,,  19,  431.) 

Oxide  of  titanium,  Ti  0%  occurs  iu  nature  in  the  two  forms  of  anatase 
and  rutile.  Although  both  these  crystals  belong  to  the  square  prismatic 
system,  tbeir  angles  are  incompatible;  they  cannot  be  reduced  to  the 
same  primitive  form;  the  specific  gravity  also  of  anatase  is  3*82 6^  that  of 
rutile  4'24Ef. 

Arsenious  acid,  AsO\  gene  rail}' crystallizes  in  regular  octohedrons  j 
but  Wtjhler  {Pf>[/g-  26,  177)  found  it  also  in  the  form  of  native  oxide 
of  antimony,  SbO^  (Weissspieasglanzerz),  ivbich  belongs  to  the  right 
prismatic  system.  Wilhler  also  obtained  artificially  crystallized  oxide  of 
antimony  in  regular  octobedrons.  Consequently  As  0''  and  Sb  0"*  are 
iso-ditfior/jhott^ ;  t.  e.,  they  are  capable  of  crysiuJlizing  in  two  diflerent 
formB  which  are  similar  each  to  each* 

Disulpburet  of  copper,  Cu'-'S,  appears  in  copper  glance  in  crystals  of 
therbombohedral  system  (/^r.  131,  132,  135,  137);  but  Mitsclierlich  (Pogg. 
28,  157).  by  melting  together  large  quantities  of  copper  and  sulphur, 
obtained  it  in  regubir  octohedrons.  These  two  forms  are  the  sajne  aa 
those  of  copper  and  it^  red  oxide. 

Bisulpburet  of  iron  occurs  in  nature  as  iron  pyrites  in  crystals  belong- 
ing to  the  regular  system,  (/g\  18,  19,  20,)  and  as  white  iron  pyrites  in 
those  of  the  right  prinmatic  system,  the  latter  being  of  a  paler  yellow 
and  much  softer.  Breithaupt  miagines  that  the  oblique  rhombic  sulphur 
which  may  be  supposed  to  exist  in  common  iron  pyrites,  has  imparted  the 
hemihcdral  character  to  the  iron  wbit-h  has  retained  its  original  system, 
—and  that  the  white  pyrites,  which  in  form  resembles  the  rhombo-octo- 
hedral  sulphur,  may  contain  this  kind  of  sulphur;  and,  accordingly,  that 
the  white  pyrites  ha^*  been  formed  at  a  lower  temperature  than  the  com- 
mon variety. 

Protiodide  of  mercury  separates  from  solution,  and  likewise  snhlimea 
at  a  very  gentle  boat  in  scarlet  tables  belonging  to  the  square  prismatic 
system*  but  when  sublimed  at  a  higher  temperature,  in  sulphur-yellow 
rnoiDbic  tables  of  the  oblique  prismatic  system.     The  red  crystalJa  turn 
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jtHiow  as  often  a«  tkey  are  lieatetl,  and  resume  their  red  tint  on  cooling. 
The  yellow  crjslnls  tibtuintHl  by  sublimation  retain  their  coli^ur  when 
cooled;  but  on  tlie  sli^bte^t  rubbing  or  stirring  with  a  pointed  intftru- 
inent*  the  part  which  ia  touched  turns  scarlet,  and  this  change  of  colour 
extends,  with  a  slight  motion,  xlh  if  the  nia«8  were  alive,  throughout  the 
whole  group  of  crystals  as  far  as  they  a^Ihere  together.  In  this  cfkse  the 
yellow  rrystal*^  retain  their  external  form  unchanged^  while  the  compound 
atoms  must  have  taken  up  the  relative  position  which  belongs  to  the  red 
crystal;  the  yellow  crystals  are  therefore  pscudomorpboui?.  The  same 
crystals  tuin  yellow  every  time  they  are  heated,  and  red  again  on  cool- 
ing. (Hayes,  :Silt  Am.  J\  IG,  174;  also  ^SV/nr.,  57,  109,)  The  original 
red  cry^iltils  also  turn  yellow  when  heated,  and  retain  this  colour  after 
cooling  for  several  "lays,  even  when  touched  with  foreign  liodies,  and  at 
Ittngth  spontaneously  J  but  very  slowly,  resume  their  re*l  colour.  When 
the  red  cryitals  are  sublimed  at  a  very  gentle  beat,  red  and  yellow 
crystiiU  sudliuic  togetber.  If  a  glass  plate,  having  both  red  and  yellow 
crystals  on  it,  be  wuiincd  so  gently  that  the  red  ones  do  not  change 
colour,  but  suhlinuition  nevertheless  goes  on,  both  red  and  yellow  crystals 
collect  on  a  platr?  held  above  the  former  Now,  since  the  upper  plate  is 
cooler  tbiin  the  lower,  and  the  latter  is  not  hot  enough  to  change  the 
colour  of  I  he  red  crystals,  the  yellow  crystals  on  the  upper  plate  can  have 
come  only  from  those  of  tbo  same  colour  on  tlic  lower;  they  must,  there- 
fore, have  sublimed  as  yellow  crystiils,  and  the  vapour  of  the  yellow 
crystals  must  be  different  from  that  of  the  red  ones.  (Fraukeuheim,  J, 
pr,  C/t^m.,  16,  4.) 

Carbonate  of  lime,  Ca  0,  C  0*,  in  the  fonu  of  calcspar,  whose  ep.  gr. 
=  2*721,  belongs  to  the  rhonibohcdral,  in  arragouite,  whose  sp.  gr.  is 
2'03l,  to  the  right  pris-matii'  system,  (An  explanation  of  this  differ- 
ence was  formerly  sought  in  the  fact  discoverctl  by  Strom  ever,  viz.,  that 
arragonite  usually  contains  Hmall  quantities  of  carbonate  of  slrontia.) 
The  same  peculiarity  is  presented  l»y  carbonate  of  iron.  FeO,  CO^  which 
in  sparry  iron  ore  (of  3  ^»72  sp.  gr,)  has  the  fonn  of  calcspar,  in  junkerite 
(of  3"815  sp.  gr.)  that  of  arnigonite.  Hence  Ca,  Co*,  and  Fe  0,  C  0*  are 
isodimorpbous.  If  a  solution  of  carbonate  of  iJme  in  water  containing 
carbonic  acid  be  left  to  evaporate  at  the  ordinary  temperjiturCj  nothing  is 
obtained  but  calcspar,  in  niieropcopical  and  for  the  most  part  truncated 
primitive  rhomboids  {fy,  142);  if,  on  the  contrary,  the  solution  be  evapo- 
rated tivor  the  water- bath,  arragonite  is  obtained  in  sniall  G-sided  prisms, 
mixed  witli  a  few  crystals  of  calcspur,  because  the  temperature  of  lb© 
Bolutiou  is  lower  at  fuNt  tliun  it  aftcrwardis  becomes,  and  the  sp.  gr.  of  the 
liouid  is  not  higher  than  2*80a  \\  hen  an  aqueous  solution  of  chlcmde  of 
calcium  is  mixed  at  ordinory  temperatures  with  an  aqueous  solution  of 
carbonate  of  ammouiaj  a  voluminous  floeculent  precipitate  of  chalky 
(amorphous?)  carbonate  of  lime  is  fir^t  produced,  which  if  immediately 
collected  on  a  filter,  washed  nnd  diied^  remains  unaltered,  possessing  a 
sp.  gr.  of  2716j  and  ajipcnring  under  the  microscope  to  consist  of  small 
t  j^aquc  granules;  but  if  this  same  precipitate  he  left  for  some  time  in  the 
saline  liquid  from  which  it  has  been  precipitated,  it  collects  into  micro- 
scopical crj^stals  of  cah'spar,  of  2-711)  sp.  ;Lrr,  Jf  tjje  same  saline  solutions 
he  mixed  boiling,  the  carbonate  of  iimmonja  being  added  to  the  chloride 
of  calcium,  arragonite  is  obtained,  mixed  with  a  small  portion  of  calcspar. 
If,  on  the  contrary^  the  chloride  of  calcium  be  atlded  to  the  carbonate  ot 
ammonia^  arragonite  is  obtained  alone,  in  exceedingly  small  crystals  of 
2"940  sp.  gr     If,  however,  these  crystals  are  not  immediately  collected 
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on  a  filter,  wat^lied  atifl  dried,  but  allowed  to  rcniain  in  tie  liquul,  tlioy 
^-^niflually  elian^^e  after  tlje  liquid  hua  cooled,  aud  in  about  a  week  are 
completely  eoiiverted  into  calcspar;  in  pure  water  tbis  transformatirm 
goes  on  Diiicli  more  slowly.  When  carbonate  of  lime  is  fused  under 
strong  preseure,  as  in  Hall's  metiiodj  it  invariably  crystallizes  on  cooling 
in  the  form  of  calcspar,  A  tolerably  hirgo  crystal  of  arragonite  falU  to 
pieces  at  a  low  red  beat  witbout  losing  weightt  and  forma  a  white  opaqno 
coarse  powder,  having  a  .sp.  gr,  of  only  2'70G,  Hence  it  follows  tbat 
carbonate  of  lime  crystalliKes  at  about  100''  C.  in  tbe  form  of  arragonite, 
but  at  a  lower  temperature,  or  at  a  red  beat,  in  tbe  form  of  calft;par, 
Tho  arragonite  wbicb  occurs  in  the  caverns  of  voleanie  districts  moist 
bave  been  formed  by  infiltration  while  tbe  mass  was  yet  warm.  Accord- 
ing to  tbese  experiments^  carbonate  of  strontia  is  not  necessary  to  the 
formation  of  arragonite;  indeed,  many  Bpecimens  of  natural  arragonite 
are  free  from  it.  Since,  however,  arragonite  and  cjirbonate  of  strontia 
crystallize  in  the  tiame  form,  tbe  latter  may  often  become  mixed  with 
crystals  of  the  former.  If  chloride  of  strontium  be  decomposed  by  car- 
bonate of  ammonia  in  tbe  cold,  carbonate  of  titrontia  precipitates  in  aa 
indeterminate  form,  but  a^^sumes  tbe  form  of  arragonite  on  being  heated. 
Chloride  of  barium  and  cbloride  of  lead,  treated  with  carbonate  of  ammo- 
nia in  the  cold,  yield  precipitates  of  carbonate  of  baryta  and  carbonate  of 
lead  in  tbe  fonn  of  arragonite,  Tbe  carbonates  of  baryta,  strontia,  and 
lead,  cannot  be  ma*le  to  assume  the  form  of  calcspar.  (H.  Rose,  Pogg,^ 
47,  3.^3.) 

Nitrate  of  potash  usually  crystallizes  in  prisms  of  tbe  form  of  arrago- 
nite :  but  if  a  drop  of  the  aqueons  solution  of  thi.^  salt  be  left  to  evaporate 
on  a  glass*  plate  and  the  crystallization  observed  under  the  micro-scope,  it 
will  lie  found  tbat  side  by  «ide  with  the  prismatic  crystals  at  the  edges  of 
the  drop,  a  number  of  obtuse  rhomboids  of  the  calcspar  form  are  produced 
just  like  tho»e  in  which  nitrate  of  soda  crystallizes.  As  tbe  tv^o  kinds  of 
crystals  increase  in  sixe  and  approach  one  another,  tbe  rhomboids  become 
rounded  off  and  dissolve,  because  they  are  more  easily  soluble  than  the 
others,  while  tbe  arragonite-sliaped  prisms  go  on  increasing  in  eize.  Wlien 
the  two  kinds  of  crystals  come  into  immediate  contact,  tbo  rbomboidal 
ones  instantly  become  turbid,  acquire  an  uneven  surface,  and  after  a  short 
time  throw  out  prisms  from  all  parts  of  their  surfaces.  Contact  with 
foreign  bodies  also  brings  about  tbe  transfonnation  of  tlie  rhomboids 
while  tboy  are  wet.  If  the  drops  are  so  shallow  that  tbe  liquid  dries 
round  tbe  rhomboids  before  they  are  disturbed,  they  will  remain  for  weeks 
without  disintegrating,  and  bear  gentle  pressure  with  foreign  bodies 
without  alteration;  but  stronger  pressure,  or  scratching,  or  the  mere  contact 
of  a  prismatic  crystal  of  saltpetre  causes  them  to  change,  a  delicate  film 
proceeding,  as  it  were,  from  the  point  of  contact  and  spreading  itself  over 
their  surfaces;  they  then  behave  towards  foreign  bodies  like  a  heap  of  fine 
dust,  but  retain  tlieir  transparency,  Tbe  rbombohodrons  are  also  trans- 
formed without  alteration  of  external  appearance  when  heated  consider- 
ably above  iOO-  C.  1  they  then  become  much  harder,  because  the  true  jiowder 
first  produced  bakes  together  into  prismatic  crystals.  A  hot  solution  of 
saltpetre  yields  when  sliglitly  cooled  nothing  but  prismatic  crystals;  but 
at  lO'^C,  (+  H""  Fah.)  prismatic  and  rhombic  crystals  appear  together;  if 
alcohol  be  added,  tbo  latter  are  formed  moat  abundantly;  tbe  addition  of 
potash,  nitric  acid  or  nitrate  of  soda  produces  no  alteration.  (Franken- 
beim,  Po^g,  40,  447  ;  also  ./.  pr.  Chem.  10,  1.) 

Sal-ammomac  which   commonly  crystallizes  in  regular  octohedrons 
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mmn  at  higher  tempeniioxei  to  ■■nma  fisfm  Mi^^m  to  At  ^i^ 
prumotio  qrrtem.    (Fnakonhmin,  /.  vr.  Ohnu  !•»  S.) 

Iodide  of  potMrianiy  whieh  ufoolly  eiyiUlliiM  im  oobM^  Mwyiw 
femu  mumo  primif  with  traneoled  fimiiuti  (1g.  88)  whkk  OMmoi  bo 
Mffoided M oaboKwiohedronebeoMae  their o-Cwei neko n a«iU^  IW 
wHh  f>  ond  of  about  150«  with  17.    (Kmm^  PML  Jfo^  /•  If,  ttS*) 

Chn»note  of  leod  oeonn  in  red  leod  mr  ia  the  took  of  el 
ihombio  priima:  bat  in  ohromete  of  leod  mm  the  BmmI  tte 
f  abetenee  presents  forms  belonging  to  the  sqoMO  ptiswitieeyilsi^  hi 
the  same  angles  as  molybdate  of  lead.    (Johnston.  FkO.  Mag.  J.  1%  SSTO 

Sulphate  of  niokel  (NiO^SO*,  7Aq)  erjstalliaee  (a)  bebw  IfCL 
(59^  Fah.)  in  right  rhombio  prisms  (Jfg.  78);  (6)  between  18^  and  90»  C 
(69''  and  68''  Fah.)  in  aente  oetohedrons  with  sqnafo  bases  (M*  88,  811; 


and  (e)  abore  80''  G.  (86''  Fah.)  in  oblione  rhombio  prims,  alio  m 
>  nghty  square,  and  obuqne  prismati 


forms  belonffing  to  the  nght,  s<|nare,  and  obuqne  prismatie  syslome:  H  ie 
therefore  tnmorpkoms.    The  right  rhombio  prisms  (a)  when  expeaed  to 


sunlight  for  a  few  davs,  neither  liquefy  nor  lose  their  fonn  or  watar  of 
hen "     ■ 


orystallisatioUf  but  when  broken  are  found  to  be  made  np  of  1 
oetohedrons  often  seTwal  lines  in  length. 

The  following  salts  isomorphous  with  sulphate  of  niekel  haTS  Mtheito 
been  obtained  in  only  two  out  of  the  three  forms  just  mentioned.  Bnlphato 
of  sine  (Zn  0,  SO*,  7Aq)  onrstalliaes  below  58"  C.  (185-6"  Fah.);  in  format 
below  58"  C,  as  obserred  by  Haidingen  in  less  transparent  «7«tole  lika  «; 
if  oiystal  a  be  heated  in  oil  or  in  a  glass  tube  abore  58"  C,  it  beesmee 
soft  at  oertain  points  without  losing  water  ezoepting  any  that  may  be 
adhering  to  it  meehanieally,  and  from  these  points  bundles  of  milk-^mito 
onrstals  e  shoot  out  towards  the  inside  of  the  transparent  crjrsta]  untfl  the 
whole  is  completely  transformed.  If  the  crystals  obtained  abore  52"  be 
slowly  cooled  after  drying  they  remain  tolerably  clear ;  but  when  cooled 
auickly  before  drying  they  become  opaqne,  and  when  broken  are  often 
lonnd  to  consist  of  an  aggregate  of  crystals  a,  these  having  been  first 
formed  in  the  adhering  motner-liqnid  and  subsequently  extended  through 
the  crystals  already  formed.  Sulphate  of  magnesia  (MgO,  SO*,  7Aq) 
like  sulphate  of  zinc,  yields  right  rhombic  prisms  a  below  52^,  and  oblique 
rhombic  prisms  c  above  52"";  and  the  crystals  a  when  heated  above  52''  are 
immediately  converted  into  an  opaque  aggregate  of  crystals  e,  which 
proceed  from  the  surface  of  the  crystals  and  meet  in  the  middle.  Sele- 
niate  of  linc  (Zn  0,  So  0^,  7Aq)  crystallises  at  a  lower  temperature  like  a» 
at  a  higher  temperature  like  b,  and  the  crystals  a  undergo  an  alteration 
of  internal  structure  when  exposed  to  sunshine.  (Mitscherlich,  Fogg.  6. 
19  and  12,  144.) 

Acid  phosphate  of  soda  (Nu  0,  POS  4Aq)  crystallizes  in  two  series  of 
forms  (fy.  61 — 64)  both  of  which  belong  to  the  right  prismatic  system 
but  have  incompatible  angles.     (Mitscherhcb.) 

Vesuvian  (Jig  39)  and  garnet  (/g.  3)  consist  of  the  same  chemical 
compound,  crystallised  in  forms  which  belong  to  the  square  prismatic  and 
r^ular  systems  respectively  (Comp,  page  106). 

Karsten  likewise  reffards  as  dimorphous  compounds:  Augite  and 
tabular  spar;  felspar  and  albite;  sodalite  and  scapolite. 

fi.  Amarphigm, 

Every  solid  hody  is  either  oiystalline  or  amorphous.  In  the  latter 
sUte  it  IS  destitute  not  onl^  of  oiystaUine  lom  but  of  aU  tnoes  of  crys- 
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tftllfne  structure  even  in  its  Hmallest  particles.  It  liaa  no  power  of  double 
refraction  as  many  cry.^stals  hare,  no  plaoea  of  cleavaget  being  equalJj 
easy  or  equally  clifiicnlt  of  separation  in  all  directions^  and  exhibits  wbeii 
broken  not  a  granular  but  a  concboida!  frauture.  Marble  and  even  common 
limetttone  are  not  amoq)lious  bodies  but  aggre^jates  of  wmall,  imperfoctly 
developed  crystals:  gla«i  is  amorphous. 

We  often  find  tlie  same  body  assuming  the  crystalline  or  the  amor- 
phous condition  according  to  the  circumi^tances  under  which  it  passes  from 
tlie  liiiuid  to  the  solid  etato:  som^  bodies  again  are  more  inclined  to  the 
ory«tallinej  others  to  the  amoi'^dions  state:  some  are  knowrn  to  exist  in  one 
'  only  of  these  conditiona.  The  same  body  is  generally  wpeaking  specifically 
heavier,  harder,  and  teea  soluble  in  the  crystalline  than  it  is  in  the 
amorphous  state :  the  atoms  seem  to  be  more  closely  packed  in  the  former 
condition  than  in  the  latter.  According  to  Graham,  an  amorphous  body 
also  contains  a  larger  quantity  of  combined  heat  than  one  which  has  a 
crystalline  structure.  The  passage  of  a  body  from  the  amoqihous  to  tbo 
crystalline  state  is  called  by  Fuchs  Tratufofmationj  and  the  change  from 
the  crystalline  to  the  amorphous  state  Defoj^mcUimi,  The  amorphous 
state  is  particularly  apt  to  occur  when  the  atoms,  cither  from  viscosity  in 
the  liquid  or  a  too  rapid  p&ssage  from  the  liquid  to  the  solid  state^  are  not 
able  to  arrange  themselves  in  that  peculiar  manner  which  conetitntea 
crystalline  structure. 

An  amorphous  body  may  be  produced : — 

1,  By  fusion — the  process  is  then  called  YUrification. — ^Common  gla^a, 
many  slags,  obsidian,  pumice-stoncT  pearl-stone,  vitrified  borax,  phosphoric 
acid,  arsenious  acid,  arsenic  acid,  boracic  acid,  &c.  All  bodies  which 
solidify  in  the  amorphous  state  form  viscid  liquids  when  melted.  If  a 
body  appears  transfarent  immediately  after  cooling  from  a  state  of  fusion 
it  may  gen  era  II  y  be  regarded  a^  amorphous;  but  if  it  becomes  opaque 
upon  cooling,  although  it  was  transparent  while  melted,  it  is  then  most 
probably  crystalline,  {e^g,  hydrate  of  potash  and  carbonate  of  lime): 
because  the  numerous  small  crystals  intoriacing  each  other  in  all  directiong 
refract  light  in  a  confused  and  irregular  manner^  According  to  Graham, 
acid  phosphate  of  soda  gives  out  less  beat  at  the  moment  of  solidification 
than  acid  arseniate  of  soda;  the  former  solidities  in  the  form  of  a  trans- 
parent glass ;  the  latter  in  that  of  an  opaque  fibrous  majss. 

2,  By  evaporation  of  a  solution. — A  solution  of  gum,  glue,  white  of 
ei»g,  soluble  glass,  &c*  in  water,  and  of  most  resins  in  alcohol,  leaves  the 
dissolved  bodies  in  an  amorphous  state  when  the  liquid  evaporates.  All 
theae  bodies  require  but  a  very  small  quantity  of  the  solvent  to  retain 
them  in  the  liquid  state:  consequently,  after  the  greater  portion  of  it  has 
evaporated,  they  still  remain  dissolved  and  form  very  thick  solutions,  the 
viaoosity  of  which  appears  to  prevent  the  particular  mode  of  approxima- 
tion of  the  atoms  required  for  crystal liaati on. 

3,  By  precipitation. — Most  if  not  all  voluminous,  gelatinous,  and 
visoid  precipitates  must  be  regarded  as  amorphous.  Some  of  them  retain 
this  condition  even  after  remaining  for  a  long  time  in  the  liquid,  and  form, 
after  washing  and  drying,  earthy  or  trauaparent  masses  having  a  con^ 
ohoidal  fracture  like  alumina  or  phosphate  of  lime ;  others  sink  to  tho 
bottom  of  the  liquid  in  which  they  are  produced,  and  with  various  degreet 
of  rapidity  collect  themselves  into  an  aggregate  of  small  crystals,  e.g.  urio 
acid  and  carbonate  of  lirae.     [Comp,  Link  (Pogrf.  46,  258) ;  Mitscherlich 

AAnn.  Chim.  Fhys,  73,  380)  ;  Erdmann  (J  pr.  Chan.  19,  343,  345  and 
Id53.)] 
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104  AFFINITY. 

Tlie  following  U  a  list  of  bodies  elementary  eubatances  mclade^^  in 
wliicli  l>oth  conilitions  have  been  observed : 

Carbon  is  crvstallized  in  the  fliaiiioiid,  araorjiLuus  in  charcoal  iinil 
lamp-black,  and  accordinsj  to  Fncb^'s  view  in  grajdiite  also. 

riiospbortis  kept  under  water  in  ibc  dark  becomes  covered  with  a 
white  opaque  cni«t  which  contains  no  water  but  consigts  of  pure  pbos* 
phorusj  and  when  heated  above  104  Fab,  melts  again  without  1qs«  of 
weight  to  tbo  state  of  ordinary  jihnisphurufi.  (H.  Rose,  Pogg,  27.  563.) 
One  of  these  two  cmiditions  is  probably  amorphous* 

When  sulphur  ih  heated  considerably  above  its  melting  point  t«  about 
180  or  200  C.  (350  or  30O'  Kab.)  tilt  it  becomes  *pdte  viscid  and  then 
poured  into  water,  it  solidifies  to  a  ^oft  byacinth-red  vitreous  masij,  which 
however  in  a  few  days  re^jumee  ita  cry«taHiue  etrnrture  and  becomea 
yellow  and  opafjue.  (Fuchs.)  When  this  F(»ft  vitreous  sulphur  is  placed 
in  an  oven  heated  to  about  1)8''  C,  (208  Fab.)  its  temperature  as  soon  a^ 
it  reaehea  J>3  C.  (lOO'l'  Fah.)  ri^e^  suihlcnly  to  110'  C.  or  230  Fab.  and 
it  tlicu  becouiea  hard;  consequently,  at  a  temperature  near  its  melting 
point  the  sulphur  parses  f|uickly  to  it«  ordinary  cryKtallioe  state,  the 
change  being  accouipaiiied  by  a  disengagement  of  heat.  (Regnault, 
Ann.  Chrm  Phf/s.  70.  2€il)  At  diflerent  temperatures  melted  eulphor 
may  exist  in  tlirce  diflerent  states,  colourless^  yellow  and  red.  By 
warming  a  smull  quantity  of  flowers  of  sulphur  on  a  glass  plate,  or  by 
Bubliiuatiuu,  we  may  obtain  eoluurlesd  drops  whirh  often  remain  for  weeks 
wiliiout  cryfitalliKiug:  they  appear  to  correspond  to  the  rhonibo-octohedral 
sul]ihur.  At  a  higher  tempenitiire  these  drops  become  yellow,  then  by  a  fl 
fjiiick  transition  green,  and  lastly  dark  red.  A  drop  of  ssulpbur  unequally  V 
heated  exhibitf<  a  shiirp  demarcation  of  the  red  and  yellow  portions;  the 
crystals  first  formed  by  cooling  do  not  extend  into  the  red  part.  The 
yellow  melted  snlphur  may  perhaps  correspond  to  the  oblique  rhombic, 
the  red  to  some  other  (the  amorphous)  variety.  (Frankenheim,  J.  pr, 
Chf^n.  10,  5.) 

Silicium  which  has  not  been  ignited  burns  when  heated  in  tlic  air: 
but  that  which  has  been  previously  ignited  in  hydrogen  gas  does  not:  the 
former  is  probably  amorphons,  the  latter  crystalline  and  therefore  more 
coherent. 

The  remarkable  properties  of  platinum-black  are  in  all  probability  due 
to  an  anioridions  condition  of  the  metal. 

The  grey  native  sulphuret  of  antimony  and  the  brown-red  substance 
called  Kennes  niiiieral,  moat  be  regarded  as  the  stime  conijHiuud  Sh  S'*  in 
its  crj^stal line  and  amorphous  states.  Kcrmcs  mineral  fused  out  of  con- 
tact of  air  suffers  no  alteration  in  weight,  but  ery:*tallizes  on  cooling  into 
amass  resembling  the  native  stilphnrct:  on  the  other  liand,  Fuchs  has 
shown  that  when  the  latter  is  kept  in  the  fused  state  fur  a  considerable 
time  in  a  narrow  glass  tube  (if  fused  for  a  short  time  only  the  alteratioo 
is  not  complete)  and  then  thrown  into  cold  watery  a  sliining  dark  grey 
mass  is  obtained,  which  appears  of  a  dark  hyacinth-red  colour  by  trans- 
mitted light  when  in  thin  tilmsj,  has  a  conchoidal  fracture  and  a  sp,  gr.  of 
4*15,  while  that  of  the  native  sulphnrct  1:5  4-752;  when  rubbed  it  yields 
a  red-brown  powder  similar  to  Kernie^  mineral,  but  somewhat  darker; 
whereas  the  naiive  Fulphuret,  however  finely  it  may  be  powdered,  retains 
itfi  gtey  colour*  When  thi8  (juickly  cooled  mass  is  again  melted  and 
snfTcrcd  to  coul  slowly,  it  retururJ  to  the  crystalline  state  of  the  native 
fiulphurct.  Rapid  cooling  prevents  the  crystalline  arrangement,  and  the 
body  remains  for  the  most  part  amori*hour?. 


AMOEPlllSM. 


105 


Tlie  liliurk  sul[)luiTot  of  mernirj  oLlained  W  treating  a  profcosalt  of 
tiiercurj  with  excess  of  sulphuretted  hydrn^'en  li;us  exactly  the  same  com* 
position  as  cinnabar,  viz  ,  HgS,  and  when  (>uUimcd  passes  without  alter- 
ation of  weight  to  the  condltiim  of  that  suhstauee  :  on  the  confcnirj, 
according  to  Fuchs^  wlien  finely  pounded  cinnahar  i«  heated  till  it  hegina 
to  !>uhlinieTand  then  thrown  into  cold  water,  it  is  converted  into  the  Mack 
Bulphuret.  In  this  case^  contrary  to  that  of  sulpliuret  of  anthnonjs  tho 
crystalline  suiphuret  is  red  and  tmni^parentj  whilst  the  amorphous  variety 
id  grey  and  opaque, 

Chronmte  of  lead,  when  slowly  cooled  from  a  state  of  fusion,  m  brown 
and  yields  a  yellowish  hrown  powder,  but  w^hcn  Buddeuly  cooled  hy 
throwing  it  into  cold  water,  it  ie  red,  and  yields  a  red  powder,  (Marchanil, 
J.  pf\  Ckrt/L  1{>,  05.) 

Quartz  has  a  specific  gravity  of  2 '652,  refracts  light  doubly,  ia  hat 
very  ?; lightly  soluble  in  boiling  solution  of  potash ^  and  does  not  harden, 
however  finely  it  may  be  divided,  in  contact  with  lime  and  water. 
Opal  has  a  sp,  gr.  of  2  Oi),  refracts  singly,  dissolves  easily  in  boiling 
cau.sti(j  pota.'^h,  slowly  in  the  same  when  cold,  and  hardens  with  lime  and 
water  into  a  mortar.  Both  minerals  conaht  of  silica.  Opal,  however, 
contain.^  from  3  to  1 2  per  cent,  of  water,  and  the  ditfercnce  between  them 
has  been  ascribed  to  this  circumstance,  opal  being  regarded  as  a  liydnite 
of  irilica.  But  for  this  the  quantity  of  water  in  opal  is  too  small  and  too 
variable.  Fuchsj  therefore,  regfirds  opal  as  amorphous  silica,  and  his 
view  is  supported  by  the  fact  that  opal,  after  all  its  water  has*  beeu  driven 
off  by  ignition,  presents  almost  the  same  apjjearance  and  is  nearly  as 
soluble  in  potaBh  ns  before.  Silica,  artificially  prepared  (by  fusing  any 
siliceous  mineral  with  potash,  treating  tVie  fused  mass  with  dilute  hydro- 
chloric acid  in  excess,  evaporating  to  dryness,  and  digesting  in  water,) 
has  likewise,  aft^r  ignition,  the  same  action  with  canstic  potnsb  that 
opal  has,  and  mnst  therefore  in  like  manner  be  regarded  as  amorphous. 
Chalcedony  la  a  mixture  of  quartz  and  opal;  boiling  caustic  potash  dis- 
solves  out  the  latter  and  leaves  tho  former  in  the  state  of  eachelong, 

Arsenious  acid,  when  sublimeil  on  the  large  scale,  solidifies  from  the 
effect  of  the  high  temperature  into  a  perfectly  transparent  glaj^s.  This 
white  glass,  when  kept  at  ordinary  temperature  for  several  months, 
iKJcomes  turbid  and  subseijuently  white  and  opaque,  lu  this  case  there  is 
probably  a  trnusitJon  from  the  amorphous  to  the  crystalline  state;  but  it  is 
remarkable  that  (according  to  Gulboort)  the  Bi»ecitie  gravity  diminishes 
from  3  T^^^i  to  3*095,  and  that  the  ojiaque  acid  ditisolves  rather  more  abund- 
antly both  in  hot  and  in  cold  Waaler  than  llie  transparent,  whereiL'5  in 
other  cnses  the  change  from  the  amorphous  to  tho  crystalline  state  is 
accompanied  by  increased  density  and  diminished  solubility.  When  the 
tnm  spa  rent  acid  is  dissolved  in  boiling  dilute  hydrochloric  acid  and  tho 
solution  left  to  cool  slowdy,  every  crystal  as  it  separates  emits  a  vivid 
light.  The  opaque  acid,  when  similarly  treateil,  exhibits  no  phospho- 
rescence, nnleg^s  it  contains  some  of  the  trannparent  acid  mixed  with  it. 
It  ap|jears  then  that  the  transition  froui  the  amorphous  to  the  crystalline 
>tate,  which  takes  place  whon  the  acid  crystallizes  from  its  solution  in 
hydrochloric  acid,  is  acconjpanied  by  an  emission  of  light.  (H.  Rose, 
Potjfj,  35,  4 SI.)  This  phenomenon  seems  also  to  show  that  even  in  a 
state  of  solution  the  atoms  of  a  solid  nmy  be  arranged,  sometimes  in  the 
amorphous,  sometimes  in  the  crystalline  order ;  in  the  present  instance, 
siQCO  the  solutiou  of  tho  transparent  acid  emits  light  on  crystallizing  an(l 
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ganMt 
the  Mune  fonnala,  SCa  0,  AP  O*,  dSi  O*,  exempting  that  in  both  aunanla 
port  of  the  alamina  ia  replaced  bj  peroxide  of  iron  which  is  iMHnorphooa 
with  it.  Vesariany  which  crysUllizee  in  square  prisnis,  has  a  spedik) 
gTETitj  of  d'4;  garnet^  which  crystalluee  in  rh<Hnbic  dodeeahedrona,  a 
opecific  graritj  of  d'63.  These  dimorphoos  minerals  both  pass  by  Insioii 
into  the  amorpboos  state;  they  both,  when  subjected  to  this  treatment^ 
yield  without  loss  of  weight  exactly  the  same  prodact,  vis.  a  glass  of  the 
same  green  colour  and  the  same  degree  of  transparency  as  the  crystallised 
minerals — but  softer,  and  baring  a  sp.  gr.  of  only  2'95;  so  that  in  passing 
from  the  crystalline  to  the  amorphous  state  garnet  suffers  an  expansion 
of  about  one-fifih,  and  yesurian  of  about  one-seyenth.  The  glass  is  also 
easily  soluble  in  hydrochloric  acid,  which  is  not  the  case  with  either  of 
the  minerals.  \Comp.  Magnus,  (Fogg.  20,  477;  21,  50;  22,  d91);^Hes8 
(Pogg.  45,  341) ;  Varrentrapp  (Pogg.  45,  343.)] 

Axinite  has  a  sp.  gr.  of  3*294,  and  is  but  very  imperfectly  deoom- 
|M>sed  by  acids;  after  fusion,  which  takes  place  without  loss  of  weight,  it 
nas  a  sp.  ^.  of  2*815,  and  is  then  easily  dissolved  by  acids;  this  gieater 
solubility  it  acquires  eyen  at  a  heat  not  sufficient  to  fuse  it^  but  only  to 
bake  it  together.     (Rammelsberg,  Pogg.  50,  363.) 

Many  other  crystalline  siliceous  minerals  not  soluble  in  acids  become 
so  by  fusion,  probably  from  the  same  cause. 

The  following  amorphous  bodies,  on  the  contrary,  appear  to  be 
brought  into  the  crystallioe  stoto  when  subjected  to  a  heat  not  sufficient 
to  melt  them.  In  underling  this  change  they  exhibit,  as  first  observed 
by  Berselius,  a  vivid  tncanducmoe,  commencing  at  the  point  most 
strongly  haattd  and  extending  through  the  entire  mass;  they  are  after- 
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I  wards  fouDci  to  possess  greater  specific  gravity*  prreater  hardness,  and  less 

JaoluUilitv.      The  incandescence  here  observed  is   similar  io  tlie  plieno- 

Imiena  observed  by  Graham  and  Regnaiilt  (pp.  104  and  10^).     Most  of 

1  the  bodies  wliich  exhibit  this  phenomenon  iire  originally  crystalline,  but 

when  heated  become  porous    and   amorphous  in   consecpience  of   losing 

water,  aramoaia,  or  other   volatile  matters:    then,  when  no  farther  loss 

of  weight  takes  placf?,  if  they  are  heated  to  a  temperature  a  little  below 

redness,  they  exhibit   the  incandescence  just  spoken  of.     To  this  class 

Ibelong^ — the  hydrates  of  zircon ia,  titanic  acid,  tantalic  acid,  molyhdons 
©xide,  oxide  of  chromiuin,  peroxide  of  iron,  and  oxide  of  rhodium;  also 
liydrated  basic  perarseniate  of  iron,  liydratcd  antimonite  of  cobalt,  hydrated 
luitimoniate  of  cobalt,  hydrated  antimoniate  of  copper,  and  euxenite  (which 
chiefly  consists  of  hydrated  tantalate  of  yttria.)  If  these  coraponnds  are 
heated  merely  to  the  point  at  which  they  part  with  all  their  water,  they  are 
afterwards  nearly  as  soluble  as  in  their  hydmted  state ;  but  if  by  stronger 
heating  incandescence  has  been  produced^  they  are  afterwards  found  to  be 
much  less  soluble,  and  often  alter  in  colour.  Zircon ia,  after  being  heated 
to  incandescence,  is  no  longer  so  In  hie  in  any  acid  excepting  boiling  oil  of 
vitriol;  oxide  of  chromium  after  ignition  is  of  a  paler  green  than  before, 
and  soluble  in  nothing  but  boiling  oil  of  vitriol;  ignited  jieroxide  of  iron  is 
as  hard  and  as  difticultly  soluble  tis  micaceous  iron  ore,  which  is  crystullized 
eroxide  of  iron.  The  abovementioned  antinionitcs  and  antimoniates  are 
in  their  original  state  easily  decomposed  by  hydrochloric  acid,  but  after 
'^n  it  ion  they  resist  its  aetron  ahnost  entirely,  and  are  also  of  a  much  paler 
Icolour  than  before.  Hyilrated  phosphate  of  magnesia  and  ammonia,  after 
being  deprived  ci^tUl  its  water  and  ammonia  by  gentle  beat,  exhibits  incan- 
desoenoe  when  more  strongly  heated.  The  same  appearance  is  presented 
^  by  the  carburet  of  iron  which  remains  in  the  distillatory  apparatus  after 
B  gently  heating  prussian  blue  or  protecyantde  of  iron, 

Gadolinite  (silicate  of  yttria)  whose  conchoidal  fracture  and  olisidian- 
like  appearance  testify  sufficiently  to  its  amorphous  structure,  (although 
some  persons  have  fancied  that  they  could  discover  a  crystalline  structure 
in  it, J  exhiliits  vivid  incandescence  when  moderately  heated;  it  sustains 
thereby  no  loss  of  weight,  but  is  afterwards  found  to  dissolve  but  very 
im perfectly  in  hydrochloric  acid  even  after  several  days*  boiling,  although 

Ikefore  ignition  it  is  very  easily  soluble.    According  to  Kohell  (J.  pr.  Chem, 
I,  91),  its  specific  gravity  increases  by  this  change  only  from  4*25  to  4*31. 
Th.  Scheror  also  (Poffff*  SI,  493)  observed  in  the  gadolinite  of  Y  tier  by  but 
ft  very  trifling  increase  of  specific  gravity^  but  he  attributes  this  circum- 
itatice  to  the  partially  distingrated  aitd  impure  condition  of  the  mineral;  for 
(fi)  gadolinite  from.  Hitteron,  (b)  orthite  from  Fille-Fjeld,  and  (c)  allanite 
irom  Jotun-Fjeld  (which  two  minerals  have  nearly  the  same  composition  aa 
godolinite)  showed  after  ignition  considerable  increase  of  density;  the  Bji,  gr, 
of  a  increased  from  4*35  to  4*63,  giving  a  condensation  of  1000  to  9305; 
^^lat  of  It  from  3*65  to  3-94,  therefore  condensation  —  9264;  and  of  c  from 
^n'54  to  3'76,  therefore  condensation  =  0417*     The  quantity  of  w*ater 
^Host  by  a  was  0*18  per  cent,,  that  lost  by  6  and   c  was  greater.     At  the 
HMme  time  a  lost  by  ignition  its  black  colour  and  opaeity,  becoming  bottle- 
green  and  translucent.     Scherer  endeavours  to  explain  the  increase  of 
density  by  supposin^T^  that  the  spherical  atoms  are  at  first  dispo^sed  one 
tipon  another  in  such  a  manner  that  eaieh  spherule  rests  npin  two  others 
'  olow  it,  and  that  the  atoms  aft^*r  being  heated  are  so  displaced  that  each 
Due  of  them  rests  upon  three  below  it;  this  would  give  a  condensation  of 
om  1000  to  11432. 
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Perhaps  alto  the  fi^t  of  gyptam  dehjdnled  hj  gentle  hi 
hard  when  mixed  with  water,  and  the  non-prodnelMni  of  tkb  ellNi  if  IImi 
gypenm  haa  been  strongly  bamt,  may  be  explained  by  eopMi^  tlmi  Ihit 
iOMtanoe  when  depriT^  of  its  water  by  a  moderate  heaA  w  ia  the  anor- 
irihonSy  bat  after  strong  ignition  in  the  eiystalline  state. 


6.  Dif€r$tMe$  in  the  prapertiet  qf  eompoundi,  probMp , 

difereni  grovkprng  ^  <As  Simple  Atoms  yMnk  mim  itp  « 
o^osi. 

In  eonsidering  the  different  properties  of  eomponnd  bodies  msnUing 
from  dimorphism  and  amorphism,  the  stmetnre  elf  the  eompomid  atoms 
hts  been  supposed  to  eontinue  unaltered,  and  the  oeennenee  of  this  or 
that  orystaUme  form,  or  of  the  amorphous  state,  to  depend  solely  ob  the 
manner  in  which  these  compound  atoms  are  arranged  amongst  themeelyes. 
Hence  it  follows  that  these  dimorphous  and  amorphons  eonditioiis  amy 
occur  in  simple  bodies  also,  since  simple  atoms  as  well  as  eompouid  ones 
may  be  disposed  amongst  themselves  in  yarious  ways, — moieoTer  Ihsft 
these  several  conditions  (with  perhaps  some  exceptions  requiring  futher 
investigation)  ma^  be  destroyed  by  fusion,  evaporation,  or  solution  of  the 
solid  body  in  which  they  exist;  and  it  will  tnen  depend  upon  aircni- 
stanoes  in  what  particular  state  the  body  will  resume  its  solid  finm.— 
But  it  is  otherwise  with  the  differences  now  to  be  considered,  the  eanae  ef 
which  we  shall  assume  to  be  that  the  manner  or  number  in  whidi  simplsi 
atoms  combine  to  form  a  compound  atom  may  differ  in  diflcurasit  snb- 
stauces.  It  is  easy  to  see  that  the  various  conditions  herri>y  prodneed 
can  occur  only  in  compound  bodies,  and  may  remain^^|palterea  hj  the 
passage  of  a  body  from  the  solid  to  the  fluid  state  or  mss  isenA;  lor  the 
compound  atoms  once  constructod  in  this  or  that  particular  way  may, 
without  (liffturbanco  of  internal  structure,  form  fluid  compounds  with  heat 
or  with  ponderable  solvents.  With  this  difference  of  grouping  of  simple 
atoms  in  the  formation  of  compound  atoms  are  connected  many  striking 
differonces  not  only  in  the  physical  properties  but  also  in  the  chemiciS 
relations  of  the  boffles  concerned. 

«.  laomerUm. 

When  two  or  more  compounds  which  exhibit  different  physical  and 
chemical  relations,  are  so  constituted  that  their  compound  atoms  must 
contain  the  same  elements  combined  according  to  the  same  numbers  of 
simple  atoms,  and  there  is  no  ground  for  supposing  that  their  proximate 
elements  are  of  different  natures,  these  compounds  are  said  to  be  isomeric 
(using  the  word  in  its  narrowest  sense).  It  is  supposed  that  the  simple 
atoms  which  form  a  compound  atom  are  put  together  in  different  ways. 

Many  of  the  compounds  formerly  classed  under  this  head  are  now 
regarded  as  polymeric;  it  is  only  with  regard  to  phosphoric  acid,  tellu- 
rous  acid  and  telluric  acid,  peroxide  of  tin,  and  tartaric  acid,  that  isomeric 
conditions  are  at  present  recognized;  and  even  these  bodies  may  with 
more  or  less  probability  be  regarded  as  polymeric. 

Phosphoric  acid,  r  0\  exhibits  the  three  isomeric  states  of  ordi- 
nary, pyro— and  meta-phosphoric  acid.  Among  the  many  diversities 
exhibited  by  these  three  acids,  the  most  remarkable  is  that  they  satu- 
rate different  (quantities  of  a  salifiable  base.  P  0'  in  the  state  of  ordi- 
nary phosphoric  acid  saturates  3  atoms  of  a  base,  in  the  state  of  pyrophos- 
phoric  is  situates  2  atoms,  and  in  the  state  of  metaphosphoric  acid  only 
1  atom.     If  1  atom  of  P  O*,  in  whichever  of  the  three  states  it  may 
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liappeii  to  ho,  is  ignifceil  with  lliroo  atoms  of  any  baso^  soda  for  instance, 
ail  ordinjirj  pJiosjihiite  ia  produced;  but  when  P  0"^  is  ignited  with  2  atoms 
of  soda,  the  result  h  a  pyroplio*)pljate,  and  wiUi  1  atom  a  nietaplios- 
phate.  By  long  digestion  or  boiling  with  a  tar|;e  rprantity  of  water^ 
wbicb  itstif  acts  as  a  bane,  the  pyropbo-phates  and  nietaphospbate^  are 
converted  info  ordinary  phosphates.  The  particular  quantity  of  baj*e  with 
wlitcli  P  0'  ii^in  contact,  secuis  then  at  certain  high  tenijierature^  to  affect 
the  manner  in  which  1  atom  of  plioi^pboriis  arranrjcs  it!^elf  with  respect 
to  5  atoms  of  oxygen,  so  that  the  compound  ia  capable  of  «tt orating 
eometimes  3  atoms  of  a  base^  sometinjc^  2,  and  (?ometiniea  only  one.  If 
wo  would  explain  these  remarkable  relations  of  j^bosphoric  a^'id  first  dis- 
covered by  Graham  on  the  hypothesis  of  Pidymerinni,  we  might  cousider 
ordinary  pbospboric  acid  aa  P  0',  pyrophosphoric  acid  us  P*  0^",  and 
iHetap!io.s]dioric  aeid  as  P'  0'=";  then  P  C*  %voidd  ^fittinite  tbree^  P^  0'* 
faur,  and  P^  O'"'  three  attjms  of  a  base.     (Fit/.  PhosphoruB.) 

In  the  ease  of  tellnrous  acid,  Te  0',  a  more  soluble  modification  A 
and  a  less  soluble  modification  B  are  to  be  di^tingnished:  the  latter  is 
j>r<»duccd  by  the  action  of  nitric  acid  upon  A,  and  m  as^atn  converted  into 
A  by  fluxion  with  caustic  jMitaiib,  Telluric  acid,  To  0^  exiiibits  two  modi- 
fications perfectly  simiLic  to  the  above;  tho  more  soluble  of  t!ie  two  ia 
converted  into  the  les^  ndablc,  when  two  or  more  atoms  of  it  are  fused  with 
one  atom  of  potash;  tbis  is  analogous  to  the  transformations  of  phosphoric 
acid  above  noticed.  If  these  compounds  are  regarrled  as  polymeric,  they 
must  he  supposetl  to  exist  as  Te  0%  Te^  0',  Te  0^  and  Te*  0*',  (  Vid^ 
Tellurium) 

A ntim onions  and  antimonic  acid  may  possibly  pEias  from  one  such 
modification  to  the  other  when  their  salts  are  ignited. 

Peroxide  of  tin^wben  precipitated  by  caustic  alkalis  from  a  solution 
of  the  biebh*ride,  is  much  more  oa.*tily  soluble  in  acids  than  theanomuloua 
variety  of  it  produced  by  the  action  of  nitric  acid  upon  metallic  tin;  the 
latter  when  dissolved  exhibits  also  very  different  relations.  Possibly  tho 
soluhle  oxide  may  be  Sn  0^  and  the  anomalous  variety  Sn'  0*, 

Among  organic  compounds  tbe  following  may  be  regarded  aa  isome- 
ric: Tartaric  and  i*acemic  acid  (C^  H-  0'};— *mucic  and  paramuctc  acifl 
(C  H*  0');— maleic  and  paramaleic  acid  (C*  H  0'), 

jS.  Polymtrism* 

Two  or  more  compounds  possessing  different  physical  and  chemical 
properties,  and  composed  of  the  same  elements  in  the  same  proportions 
are  saiil  to  be  polymerict  when  their  diiferenccs  may  he  expliilned  by 
supposing  that  their  compound  atoms  contain  diflerent  nundjcis  of  simple 
atoms,  varying  however  in  such  a  manner  that  tbe  numerical  ratio  of  tbe 
several  kinds  of  simple  atoms  remains  unallcred.  If  for  example  one  of 
a  group  of  polymeric  compnunils  contains  1  Jitom  of  a  i^nbshnice  A  and 
3  atoms  of  a  suljstance  B,  then  tbe  second  may  contain  2  atoms  of  A  and 
C  atoms  of  B,  the  tldrd  3  atoms  of  A  and  0  atoms  of  B  and  so  on*  In 
such  cases  the  weight  of  tbe  compound  atorn  varies,  hut  the  proportions 
between  its  elements  remains  tbe  same. 

Besides  the  instances  mentioned  under  Isomerism,  which  ought  all 
perhaps  to  bo  included  under  this  bead,  the  foUuwing  among  organic 
combitmtions  must  be  particularly  noticed » 

Polymeric  compounds  all  containing  1  part  of  hydrogen  united  with 
C  parts  of  carbon,  and  therefore  containing  C  H:  defiant  gas^  the  more 
volatile  oil  of  oil  gas,  rock-oil,  cnpion,  oil  distilled  from  bees'-wax,  caont- 
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ebaaeiB«»  herMM,  oil  cxf  wina^  ■fifoptin  of  ofl  of  MM% 
fto.    OlaSftnt  gM  fai  proUbly  O  H«,  oethra  CF  H*. 

BennBy  oilgM-oamplior,  «id  Mhoeterito  tto  (7  H. 

The  oil!  of  taipentino,  juniper,  oopMb%  lemony  wd  Uabk  ] 
<?H*. 

Naphthaline  and  paranaphihaline  am  O  H*. 

Idnaline  and  Vom**  amberKsamphor  am  0*  H. 

MeihyUe  ether  ie  C*  IP  0  j  aleohol  (?  H«  O". 

Gjanogen  ie  C*  N,  paraejanomn  probaUy  C  N^ 

Gyanie  aoid  ia  C  N  0,  folminio  aeid  probaUy  C*  M*  0*^ 
aoid  (y  N*  0». 

Volatile  ehloride  of  oranMon  ia  C  N  CD,  the  fixed  ehloride  piobaUj 
0*N»CP. 

y.  Metameritm. 

Thif  tenn  ia  applied  hj  Benelina  to  the  oaae  in  which  the  i 
atoma  of  two  ehenueal  oomponnda  containing  the  sMne  elemauti 
and  for  die  moat  part  in  the  aame  proportiona,  are  nevertheleaa  i 
of  different  proximate  elementa.    Acoordinff  to  thia  definition  m 
bodiea  mnat  idwaya  belong  to  tiie  higher  ordara  of  componnda.    In  eono 
caaea  one  only  of  the  bodiea  concerned  ia  a  componnd  ol  a  higher  order. 

It  ia  only  among  oipanie  bodice  that  metameric  componnda  ocenr.  Ike 
following  are  tiie  moat  important : — 

C  H   0  OHO 

Acetic  aoid  4    3    3        Formic  acid 119 

Water  1     1        Hethylic  ether I    S    1 

Glacial  acetic  aoid   ....  4    4    4        Formiate  of  methylic  ether  4    4    4 

Forniioaoid 2     13        Acetic  acid  4    3     3 

Ether    4     5     1         Methylic  ether 8    3     1 

Formic  ether  6    6     4        Acetate  of  methylic  ether     6     6     4 

Fonnio  ether  and  acetate  of  methylic  ether  have  the  same  specific 
gravity  when  in  the  fonn  of  vapour,  and  nearly  the  same  specific  gravity 
and  l)oiling  point  when  in  the  liquid  state :  but  in  other  respects  they  are 
totally  (iifferont;  the  former,  when  treated  with  caustic  potash,  is  resolved 
into  K>rmiate  of  potash  and  alcohol,  the  latter  into  acetate  of  potash  and 
wood-spirit. 

The  dificrences  between  the  several  compounds  produced  by  the 
action  of  sulphuric  acid  upon  alcohol,  viz.  sulphovinic  acid,  ethionic  acid^ 
isethionic  acid,  &c.  are  probably  dependent  on  metameric  conditions. 

[For  some  examples  adduced  by  Laurent,  vid.  Ann.  Chim.  Phyt,, 
66,  175.1 

Aldeiiyde  is  C*  H*  0',  and  its  vapour  weighs  1'5317;  acetic  ether,  ^ 
which  is  composed  of  acetic  acid  (C*  H"  0')  and  ether  (C*  H*  0')  is 
C  H*^  0^;  and  both  its  atomic  weight  and  the  spec.  gray,  of  its  yapour  are 
twice  as  great  as  those  of  aldehyde. 

When  cyanic  acid  is  mixed  in  the  cold  with  aqueous  solution  of  am- 
monia, cyanate  of  ammonia  is  produced,  as  proved  by  the  fact  that  the 
liquid  yields  cyanic  acid  when  treated  with  sulphuric  acid,  and  ammonia 
when  treated  with  potash.  But  warming,  or  even  spontaneous  evapora- 
tion, is  sufficient  to  convert  the  salt  into  nrea>  which  does  not  exhibit 
these  reactions  with  snlphnric  acid  and  potash.    Urea  is  C*  N*  H^  0*;  the 
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Httoe  at^ims  would  give  1  atom  of  eyanate  of  ammonia  and  1  atom  of 
water,  viz.,  N  H',  CT*  N  0,  H  0,  Cyanate  of  annnoiiia  re,  tlierefore,  con* 
verted  into  urea  merely  by  a  change  in  the  arrangement  of  its  atontB. 

IV*  Decomposition  of  Chemical  Comfoukbs, 

Every  chemical  compound  may,  as  far  m  we  know,  he  resolved  into 
its  elements.  Nevertheless  it  is  possible  that  mauy  siibfltrineea  hitherto 
nndecomposed  may  be  componnda  of  so  intimate  a  uatnre  that  they  have 
reeisted  all  attempts  which  have  as  yet  been  made  to  decompose  them. 
The  resolution  of  a  chemical  compound  into  its  elements  is  called  Decom- 
pogition;  the  compound  is  said  to  be  decomposed;  it  is  resolved  into  hete- 
rogeneous substances,  which  might  be  called  Bec&mposkion-suhstances. 
(Zersetzungs-stoffe. )  These  are  either  EdncU  or  Product  of  decomposi- 
tion. They  are  called  educts  when  they  exist  in  the  compound  before 
decomposition,  and  form  part  of  it;  products,  when  they  are  generated 
during  decomposition.  Carbonic  acid  which  is  disengaged  by  the  action 
of  hydrochloric  acid  upon  carbonate  of  lime,  is  an  educt ;  hut  the  same 
acid^  when  evolved  by  heating  charcoal  with  red  oxide  of  mercury,  is  a 
product.  Products  are  always  compound  bodies;  educts  may  be  either 
simple  or  compound, — the  latter,  when  the  decomposing  body  {e.  g,^  car- 
bonate of  lime)  contains  pro xi mate  as  well  a^  ultimate  elements.  Accord- 
ing to  the  mode  of  decomposition,  sometimes  only  educts  are  obtained 
(water  decomposed  by  the  electric  current),  gumetimes  only  products 
(water  decomposed  by  phosphuret  of  calcium),  sometimes  both  together 
(water  decomposed  by  potassium). 

1,  Conditioni  of  Chemical  Ikcomponiioiu 

In  order  that  a  compound  may  be  decomposed,  the  forces  which  bind 

its  elements  together  must  be  overcome  by  stronger  forces.     The  greater 

number  of  decompositions  are  brought  about  by  the  action  of  stronger 

aflinities;  other  natural  forces  may,  however,  concur  in  producing  the  effect. 

A.  No  chemical  combination  of  ponderable  bodies  can  be  overcome 
hy  prcfuttire :  but  compounds  of  ponderables  with  imponderables,  as  heat, 
may  be  decomposed  by  that  kind  of  force.  Water  may  be  pressed  out  of 
a  sponge,  a  proof  that  pressure  can  overcome  combination  produced  by 
adhesion :  but  the  strongest  pressure  fails  to  separate  water  from  gyj>sum 
and  other  salts  containing  water  of  crystallization,  provided  the  tempera- 
iure  does  not  rise  to  the  melting  point  of  the  salt.  It  baa,  indeed,  been 
affirmed  that  lead  amalgam,  and  some  other  amalgams,  give  up  a  portion 
of  their  combined  mercury  when  subjected  to  pressure ;  but  the  mercury 
thuy  pressed  out  is  only  that  which  is  in  excess,  and  remains  in  the  liquid 
state  adhering  to  the  particles  of  the  solid  compound.  On  the  otlicr 
hand,  vajtonr  of  water  is  resolved  by  pressure  into  liquid  water  and  heat : 
perhaps  also  the  development  of  heat,  light,  and  electricity  by  pressing 
and  rubbing  various  substances  is  an  effect  of  a  similar  nature. 

B.  Gravitation. — When  a  light  and  a  heavy  substance  are  contained 
in  a  duid  compfiund,  it  miglit  be  supposed  that  after  long  standing  the 
farmer  would  settle  at  the  top  and  the  latter  towards  the  bottom,  so  that 
even  if  complete  separation  did  uot  take  place,  the  upper  part  of  the  fluid 
would  be  richer  in  the  lighter  material,  and  the  lower  in  the  heavier :  no 
such  effect  however  is  actually  observed. 

It  is  said  that  in  the  vessels  used  to  hold  the  concentrated  liquid  of 
the  salt-works,  the  upper  portions  are  found  to  be  less  rich  in  salt  than 
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the  lower.  Sincej  however,  these  veeseU  are  not  aXnrays  filled  with  one 
and  the  same  1i(|uidj  but  ure  cliargeJ  from  time  to  time  wHb  solutions  of 
vtirioua  degrees  of  strengtli,  the  less  concentrated  portiona  dispose  them- 
selves  above  the  more  concentrated,  and  the  liquor  being  left  at  rest,  oni- 
form  mixture  does  not  take  place  fot  a  long  time.  Similarly,  brandy 
kept  in  casks  u  eaid  to  contVm  a  jrrcatcr  proportion  of  spirit  in  the  upper, 
and  of  water  in  the  lower  part.  Here,  again,  the  question  may  be  raised 
wljether  the  cask  has  not  been  filled  with  successive  portions  of  brandy  of 
differeat  ^treiiglhs,  whieh  have  di.nposed  themselves  in  layers  one  above 
the  utiier.  Leblane  {./.  Phys.,  33,  376)  found  that  if  in  a  saturate<l  solu- 
tion of  any  salt  cry^tiJ^  of  the  same  salt  are  placed,  some  in  the  upper 
part  of  the  liquid  and  others  at  the  l>uttom,  the  former  gradually  dissolve 
while  tlie  latter  increase  in  the  same  ratio,  and  ultimately  the  cryetala 
at  llie  liottom  of  tlie  liquid  decrease  at  their  upper  and  increase  at  their 
lower  part.  Thi^  ctftet  h  attributed  by  BerthoUet  {Stat.  Chitn,  1,  49,) 
to  a  sinking  of  the  parlicleB  of  the  salt  by  their  own  weight;  it  may, 
however,  without  difficulty,  be  explained  by  observing  that  the  upper 
strata  of  air  !?urroundrii/^  the  vessel  are  warmer  than  the  lower,  ami,  con- 
sequently^  tliat  the  up[^er  portions  of  the  liquid  become  warmer  than  the 
lower,  and  diyM>lve  the  fealt  immersed  in  them:  hence  the^e  portions  of 
the  liquid  become  heavier,  and  sink  to  the  bottom,  where  they  become 
cooler,  and  depot^it  part  of  their  salt  in  crystals.  Lastly,  it  is  very  dilfi* 
cult  to  obtain  tlint-ghms  of  perfectly  nniform  constitution:  the  lower  part 
is  generally  mueli  richer  tlian  the  upper  in  oxide  of  lead.  But  this,  again, 
doew  not  prove  the  binking  of  tlie  heavier  material  out  of  a  perfectly 
homogeneous  mixture.  For  wlien  :i  mixture  of  oxide  of  lead,  alkali,  and 
«ilica  ia  heated,  the  oxide  of  lead  melts  first,  and  sinks  before  it  has  en* 
tered  into  nniform  conibtuation  with  the  other  ingredients.  These  latter 
snbsfquently  melt:  but  since  liquids  of  different  specific  gravities  mix  bat 
slowly  when  at  re^t,  and  in  tins  case,  moreover,  the  great  viscosity  of  the 
melted  massf  presents  a  further  obstacle  to  the  mixture,  uniformity  can 
only  be  prodnceci  by  repeated  and  careful  stirring.  But  when  this  end 
lia«  once  Wn  attained,  it  is  probublo  that  the  glass  will  continue  nniform, 
oven  when  kept  for  a  long  time  in  a  state  of  fusion.  That  such  is  the^ 
cue  appears  from  Faraday's  directions  for  the  prepamtion  of  flint-glass |1 
M  also  froiu  tlie  statement  of  Frauenhofer,  that  he  obtained  a  mviSB 
flint-glass  weigliing  40t)Ibj*,,  of  perfectly  uniform  constitution  thronghaufc,^ 
Now,  when  we  consider  the  h>ng  time  which  such  a  mass  would  occupy 
in  cooling,  Nuch  a  result  could  scarcely  be  credited  if  it  were  admitted 
tfiat  oxide  (*f  lead  could  sink  to  the  bottom  of  a  mass  once  obtained  In  a 
fltato  of  nnifonnity. 

C,  Vohftmi  appears  to  exert  a  mnch  more  decided  influence  on   the 
deoompoeition  of  chemical  compounds,  at  least  of  the  less  intimate  kind. 

The  hitherto  received  theory  on  this  matter  is  as  follows.  When  a 
solid  body  ilissolvcK  in  a  liquid,  the  cohesion  of  the  solid  act^  in  opposi- 
tion to  the  dissolving  power  of  the  tluid  ;  the  two  forces  tend  to  equilibrjitoi 
each  other;  and  in  proportion  as  tho  fluid  takes  up  more  and  more  of  th© 
folkl,  its  tendency  to  dissolve  a  further  quantity— or,  in  other  word.*,  its 
affinity  for  tho  solid — diminishes  and  ultimately  becomes  no  greater  than 
the  eolieMion  of  tlie  *folid  or  tlie  tendency  of  its  particles  to  remain  united 
amongst  theniselves,^and  then  the  process  of  solution  stops.  But  the 
cohesion  of  a  isolid  body  is  gencnilly  diminished  by  elevation  of  tempera- 
ture; consequently,  when  the  fluid  is  heated  up  to  a  certain  point,  a  fur- 
ther solution  usually  takes  place,  till  by  this  new  addition  of  the  solid 
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body  tl»e  afHiiity  of  the  fluid  for  it  is  bo  far  dimhiislied  tliAt  equililiriuin 
l>ctwei*n  that  force  nnd  the  cohesion  of  the  solid  is  again  establislied.  If 
now  fi  solution  thus  saturated  while  wann  he  cooled  down  to  Its  former 
ten  I  pern  turf,  the  solid  body  regains  its  origiaal  coht-jtive  power,  aud  a 
portion  of  it  separates  from  the  fluid  in  order  to  unite  in  larger  and 
usually  crystalline  masses,  the  quantity  remaining  in  solution  being  only 
just  60  mnch  as  the  fluiil  would  directly  have  taken  up  at  this  lower  tem- 
perature. This  sepflrntiou  is  called  Sponfajieous  or  Fahc  Precipitation, 
Fnjpcipiitilio  spontanai,  m  so  far  as  it  takes  place  without  the  addition  of 
a  foreign  hoily  to  the  solntion. 

This  preeipit^'Uion  by  cooling  is  exhibited  by  the  .'solutions  of  most 
salts  in  water  and  alcobol,  of  many  kinds  of  camphor  anil  fat  in  alcohol 
fUid  ether,  &e.  Aqueous  solutions  containing  excess  of  water  often  when 
cooled  bidow  O''  C.  deposit  a  portion  of  the  water  in  the  form  of  ice,  the 
remaining  liquid  l>eing  a  concentnited  solution  of  the  salt ;  for  at  low  tem- 
peratures the  cohesion  of  ice  may  overcome  it^  affinity  for  tlio  salt. 
Whereas  therefore  a  saturated  Bohition  when  cooled  deposits  salt,  so  on 
the  other  hand  a  dilute  soluiion,  when  its  temperature  is  sufficiently 
reduced^  yields  ice.  Lastly,  a  saturated  solution  of  common  salt  solidifies 
at  —  20"*  C,  to  a  mixture  of  ieo  and  common  salt  containing  water  of  crys- 
tallization.— Glacial  acetic  acid  solidifies  at  +  15°C.  (59°  Fab.);  a  mix- 
ture of  this  substaoce  with  ^  water  depositis  glacial  acetic  acid  at  a  lower 
temperature,  the  remaining  liquid  being  a  compound  of  glacial  acetic  ackl 
with  water;  when  the  quantity  of  water  is  somewbat  greater  nothing 
solidifieis;  when  it  is  still  greater^  part  of  it  freezes  leaving  a  more  con- 
centrated acid  behind.  When  the  mixture  of  glacial  acetic  acid  with  ^ 
Avater,  instead  of  being  cooled,  is  subjected  at  15*"  C.  to  a  pressure  of  1  lOO 
atmospheres,  J  of  it  crystallizes  in  a  few  minutes  in  the  form  of  glacial 
acetic  acid.  (Perkina,  *Schuf.  3f),  161.)  It  appears  from  this  that  increased 
pressure  has  the  eame  eicct  as  cold  in  increasing  cohesiou. 

The  following  are  exceptions  to  the  law  pi>t  considered.  Some  solid 
Ijodies,  as  lime  and  citmte  of  lime,  are  more  soluble  in  cold  water  than  in 
hot;  so  that  a  solution  of  either  of  them  saturated  in  the  eohl  becomes 
turbid  when  warmed,  aud  clear  again  on  cooling.  If  to  a  solution  of 
chloride  of  calcium  or  nitrate  of  lime  in  absolute  alcohol,  there  l>e  added 
a.^  much  ether  as  will  throw  down  only  a  portion  of  eitlier  of  these  salts, 
the  mixture  of  alcohol  and  ether  will  become  turbid^  even  to  opacity — 
from  precipitation  of  the  limesalt  still  remaining  in  solution — every  time 
the  liquid  is  warmed,  if  only  by  the  band,  but  will  regain  its  traupparency 
on  cooling.  (Dobereiner,  A/ni.  P/mrvi.  14,  2-Jl),)  A  solution  of  caustic 
pota.sh  in  water  dissolves  in  the  cold  a  large  quantity  ctf  tartrate  of  iimo; 
the  clear  solution  cofigulates  te  a  pasty  mass  when  heated,  but  becomes 
clear  and  fluid  again  on  cooling.  {Lassonue,  Osann.) — The  solubility  of 
Glauber*8  salt  in  water  increases  rapidly  with  rise  of  temperature  up  to 
33""  {92'^  Fall,),  but  diminishes  when  the  temperature  is  rait^ed  above 
tbisjtoint;  water  saturated  with  Glauber's  salt  at  33"*,  yiehls  hydrated 
crystals  when  cooled,  and  anhydrous  crystals  when  further  heated. 

Similar  anomalies  occur  in  solutions  of  liquids  in  other  liquids, 
Coniin,  ag»tate<l  with  w\ater  at  ordinary  temperatures,  takes  up  a  small 
portion  of  it :  the  clear  rKjuid  becomes  turbid,  froui  separation  of  water, 
every  time  it  is  warmed  even  by  the  haml,  and  clear  again  on  cooling* 
(Geiger.) — ^Aniniin  dissolves  in  20  parts  of  water:  the  solution  becomes 
tnrbid  when  heated,  from  separation  of  animin,  which  is  redissolved  on 
cooling.  (Unvcrdorbcn.) — When  a  solution  of  chloride  of  calcium  in  ft 
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raixtnro  of  water  and  aeeiono  is  liPAte<l,  the  acetone  eepamtes  forming  a 
film  on  ihtsmrfiinc, — (Liobig  and  Pelouic,  Ann.  Pharm.  l»*  287.) 

Tlio  follow iiig^  obMervatioiifi  of  Qaj-Lu^ssic  {Ainn.  Chim.  Ph^9.  70,  407| 
alio,  J.  Vt,  Chem,  18,  193)  render  it  doubtful  whether  cohesion  pUjn  io 
tinportaiit  %  part  in  fipontaneoufl  precipitationa  B,a  hiui  been  hitherto  eup* 
pom,  and  nuje  n  sa^pioioci  that  this  kind  of  precipitation  ifl  affected  by 
aiftir^noe  of  teinperaturo  iu  a  manner  which  hjw  not  yet  been  explained, 
Cftill«,  paraffiii,  and  stearic  acid  melt  below  the  boiling  point  of  alcohol^ 
so  tbnt  the  ((UiiiitUioa  of  them  di^^oK^ed  in  that  liquid  at  temperature*  at 
wLicli  tlj(*y  11  ro  Holitl,  can  l»e  compared  with  the  cjuaa titles  dissolved  at 
tiimwmturew  ttt  wliich  tlicy  are  lirjuiil.  From  what  precedes  we  aliould 
•Spaei  that  tlieHi^  bodies  would  Ik^  much  more  soluble  in  the  melted  etata 
than  holow  their  melting  point'^,  liecau.^0  the  oohesion  of  a  •olid  bodj  la 
much  ^reatiT  tluui  that  of  a  liquid.  But,  according  to  Guj-Lnasac,  tba 
mdubilitv  of  thoMj  Rubstanccf*  iticreiii^ess  regularly  as  their  temperature 
rtju^ji^  without  any  suddeu  augmeiilntion  at  the  melting  point.  Graj- 
LuHHiic  thon'fnr<i  cf»ii«id«*r«  that  their  solubility  is  unatfected  by  eoheaioiiy 
and  ilctermiufnl  solely  by  temperature,  Bo^liea  exhibit  the  name  relatioiia 
in  diMolving  a«  in  evnfioniting ;  vapour  of  water  at  0"^  hai  the  same  ten- 
i»ion,  whether  it  bo  raiscKl  from  water  or  from  ice. 

I)*  Some  experimenta  eeem  to  show  that  the  feebler  chemical  oombi- 
aaiinnN  may  likowiw  be  overcome  by  Adhesion, 

When  vinegar  is  filtered  through  pure  fjuartx-sand,  the  first  portion 
of  lif|iMd  that  rnn«  through  is  robbed  of  almost  all  ita  acid,  and  the  vinegar 
docH  not  pttwis  througli  iincliangiMl  till  the  sand  has  become  well  charged 
witii  acid.  Potato-brandy  diluteil  with  water  and  filtered  through 
cniartJt-wand,  yields  at  l]r«t  pure  water,  tlien  a  mixture  of  water  and 
lUcohol  <lrjjriveil  of  its  fu»ol-oil,  and  lastly  the  original  mixture  unaltered. 
VVood-i*haviirgH  alMo  at  first  deprive  vinegar  of  nearly  all  its  acid;  char- 
coal acts  Btill  more  powerfully.  (Wageumann,  Poffff,  '24,  GOO.)  The  last 
two  ealMtanoei  may  perhaps  act  by  atHnity. — Sommering's  experiment 
(r«f.  Aleohol).  iu  which  a  mixture  of  water  and  alcohol  enclosed  in  a  fl 
bladder  yinhlnfl  on  erapc^ration  scarcely  anything  but  water,  msiy  like-  | 
wi#o  bo  referrofl  to  the  wime  class  of  phenomena,  provided  we  suppose 
that  the  water  it*  taken  up  by  the  bhidder,  not  in  consequence  of  affinity 
but  of  adhofiiou,  and  thus  transferred  to  the  outer  surface^  where  it  erapo- 
rat«i  into  the  air. 

E.  A  mode  of  decomposition  not  yet  completely  understood  is  that 
oallod  ArUon  htf  Contact  (action  de  presence),  or  Catidi/tk  action.  These 
tems  are  api»lied  by  Berzeliu.-?  and  Mitj^cherlich  to  the  case  in  which  a 
aolid  or  liquid  body,  when  brought  into  contact  with  a  compound,  excitea 
a  decomposition  ut  that  compouml  (Catalysis) — without  itaelf  undergoing 
any  alteration,  mechanical  or  chemical, — or  at  all  events*  if  a  chemical 
alteration  does  take  place* — vvitliout  entering  into  combination  with 
either  of  the  elements  of  the  compound.  The  Contact-substance  or  Cata- 
iytie  body  awakens  by  it*  mere  presence,  not  by  it^  affinity,  the  al umber- 
ing affinities  of  the  element^?,  and  causes  them  to  assume  a  new  arrange- 
ment involving  more  complete  electro-chemical  neutralization.  Berzeliua 
regards  catalytic  force  as  a  peculiar  manifestation  of  electro-ehemical 
aetiott. 

The  following  instances  may  be  referred  to  this  mode  of  action.  In 
peroxide  of  hydrogen,  H  0*,  the'  second  atom  of  oxygen  is  retained  by  a 
very  feeble  affinity  only,  and  escapes  with  slow  erter\-escence  even*  at 
ordinary  temperatures.     Many  metals  and  metallic  oxides,  when  brought 
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in  the  etato  of  powder  in  contiict  with  tlue  liqniU,  produce  a  violent  dfs- 
on^nigement  of  oxygen  gas  withotit  themselvea  taking  up  oxygen  or  suf- 
fering any  other  alteration,  excepting  that  some  oxides,  as  that  of  silver, 
part  with  their  own  oxygon  at  the  Btime  time.  This,  aceonling  to  Bor- 
zelitis,  is  a  case  of  catalytic  action.  The  folio  win  cr  explanation  l»y  Liebig 
is  more  probahlo  {Ann.  Phann,  2,  22).  Pulveruh^nt  and  angular  bodies 
aecelerato  the  disengagement  of  a  gas  absorbed  by  a  bquid  (vid.  Heat); 
thoy  likewisse  exert  this  action  on  peroxide  of  hydrogen  ;  this  rapid  escape 
of  gas  produces  a  rise  of  temperature,  and  this  again  accelerates  tho 
disengagement  of  gas, — and  thus  tliese  actions  continue  to  augment  each 
other  lu  intensity  till  the  effervescence  amoants  to  a  slight  explosion.— 
The  following  decompositions  are  also  regarded  as  catalytic.  The  rapid 
decomposition  of  the  aqueous  solution  of  nitrosnlphate  of  ammonia  into 
nitrous  oxido  gns  and  sulphate  of  ammonia  (which  also  takes  place  slowly 
by  itself)  by  the  action  of  spongy  platiinim,  oxide  of  silver,  ifec. ; — the 
separation  of  persolpburet  of  byilrogen,  S'^  H,  into  sulphuretted  hydrogen, 
S  H,  which  escapes  as  gas,  and  sulphur  whicli  remains  behind,  by  contact 
with  alkalisi  chloride  of  calcium,  &'c.; — ^the  resohitioa  of  alcohol  into 
ctlier  and  water  by  the  action  of  sulphuric  acid; — that  of  sugar  di?<solvcd 
in  water  into  carbonic  acid  and  alcohol  by  ferments ;— the  conversion  of 
alcohol  into  acetic  acid  by  ferments ;— the  conversion  of  starch  into  suj^ar 
by  dilute  sulphuric  acid  or  by  ditustase; — tho  conversion  of  urea  dia* 
solved  in  water  into  carbonate  of  ammonia  by  the  action  of  animal  mucus; 
*— (iSVf  these  mbstances.) — But  the  mode  of  action  in  these  tranefortna- 
lions  sometimes  admits  of  other  explanations;  and  when  this  is  not  thfl 
CMe,  our  conception  of  it  is  by  no  means  sufficienlly  clear  to  justify  the 
positive  aasomption  of  this  so-called  contact-action  or  catalytic  force, 
which,  after  all,  merely  states  the  fact  without  explaining  it. 

F.  Just  as  a  body  in  the  act  of  combination  may  iufluc^  another  to 
enter  into  combination  at  tho  same  time  (page  38),  so  likewise  a  com- 
pound in  the  act  of  decomposition  may  impart  thi^  decomposing  activity 
to  another.     How  and  wherefore  t  we  are  unable  to  explain. 

When  peroxide  of  hydrogen  by  contact  with  oxide  of  silver  gives  up 
its  second  atom  of  oxygen,  it  likewise  induces  the  oxido  of  silver  to  part 
with  its  oxygen.  Vinous  fermentation  may  be  explained  consistently  with 
this  view  by  supposing  that  the  decomposing  ferment  brings  the  sugar  into  a 
state  of  decomposition,  and  the  sugar  is  then  resolved  into  carbonic  acid  and 
alcohol.  A  similar  explanation  may  be  applied  to  the  dceomposition  of  nrea 
into  carbonic  acid  and  ammonia  by  animal  mucus,  of  asparagin  into  as* 
pnrtate  of  ammonia  by  yeast,  and  of  amygdalin  into  hydrocyanic  acid  and 
other  products  of  decomposition  by  the  action  of  yeast  and  sugar  (Liebig), 

G,  The  vital  force  of  plants  and  animals  likewise  exerts  a  decomposing 
action  on  chemical  compounds. 

The  most  remarkable  instance  of  this  is  the  action  of  light  on  tho 
green  parts  of  plants,  causing  them  to  decompose  carbonic  acid  into  oxygen 
and  carbon,  the  latter  of  which  elements  combines  with  the  hydrogen  and 
oxygen  of  the  vegetable  juice  producing  numerous  organic  compounds. 

H.  But  the  m'>8t  numerous  and  important  decompositions  of  chemical 
compounds  arc  those  which  are  brought  about  by  tho  action  of  other 
bndics,  whose  mperior  uffinUij  produces  new  compounds  at  the  same  time 
that  it  destroys  the  old  ones.  For  the  production  of  these  decompositions 
the  same  conditions  are  required  as  for  the  formation  of  chemical  com- 
pounds (page  3tJ);  viz,  immediate  contact  and  the  fluid  state,  at  least  of 
one  of  the  bodies  ceneernedj^-whence  fusion  or  raporixation  by  elevated 
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Oil  />f  vitiiof  mixed  vitb  a  ;(ix-foId  qiuuiucT  of  absolute  mieokol  will 
B/ji  d«rr#fnpoAe  anj  dij  carbonate.  Ab^olate  alcohol  which  has  absorbed 
hjdnt^loric  aeid  gu  does  not  decompose  carbonate  of  potuh,  but  acts 
noAiij  on  other  carbonates.  ^\lu]at  ddnte  nitric  acid  gires  ap  its  oxjgen 
to  m^nvt  metaU  with  the  greate^it  rioience.  the  hi^y  concentrated. acid 
tynU  bat  r^rj  uligfatlj  upon  bifmath  and  has  no  action  whaterer  vpon  tin, 
iftntf  letidf  or  «Irer,  the^e  metaU  retaiuinj;  their  foil  metallic  lostre  when 
immffntsd  in  it.  Iron  is  broogfat  bj  strong  nitric  acid  into  a  pamtre  state 
itff  that  it  exerts  no  decomposing  action  eren  upon  dilate  nitric  acid :  it 
may  howe rer  be  brongfat  back  to  its  ordinary  actiw  state  by  Tarions 
meaoA,  the  imperrions  stratum  on  its  surface  being  thereby  remored,  or  a 
peenliar  electric  condition  destroyed.  Iron  may  he  brought  into  the  same 
stat«  by  immersion  in  a  solution  of  nitrate'  of  silver.  Concentrated 
nitric  tttM  tUftm  not  decompose  carbonate  of  lead,  nor  does  it  act  on  carbo- 
nate of  lime  or  l#aryta  even  when  boiling,  most  probably  because  the 
nitrate/n  of  leofl,  liaryta  and  lime  are  insoluble  in  nitric  acid;  carbonate  of 
pCriMh  on  the  contrary  is  rapidly  decomposed  by  it,  because  nitrate  of 
fK/tHAh  is  easily  iKduble  in  strong  nitric  acid,  but  nitric  acid  mixed 
with  aWlate  alc^ihol  has  no  action  on  carbonate  of  potash,  probably 
Ymraaso  nitrate  of  potash  is  insoluble  in  the  alcoholic  mixture;  the  car- 
UmhUm  of  so<la,  tiaryta,  and  magnesia  are  slowly  decomposed  by  it,  those 
iff  lime  and  strontia  immediately,  possibly  because  the  nitrates  of  lime  and 
nirtfttiih  are  solnblo  in  alcohol.  Oxalic  acid  dissolved  in  absolute  alcohol 
ihmn  Wfi  decompose  carbonate  of  potash  or  of  lime,  but  acts  upon  the  car- 
lionates  of  baryta,  strontia,  and  magnesia  (although  the  compounds  of  these 
last  iliree  bases  with  oxalic  acid  are  insoluble  in  the  alcoholic  mixtare). 
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The  alcoln.>lic  solution  of  racemic  or  tartaric  acid  does  not  decompose  any  salt 
of  carbonic  acid ;  that  of  citric  a«id  doe^  not  decompose  the  carbonates  of 
baryta^  strontia,  and  lime;  carbonate  of  mag^nesia  is  slowly  decomposed  by 
it,  carbonate  of  potash  more  t|nickly.  Glacial  acetic  acid  does  not  decom- 
pose carbonate  t>f  lime  even  on  boiling;  it  acts  however  on  most  other 
carbonates,  but  loss  quickly  than  when  water  is  added.  Glacial  acetic 
acid  mixed  with  absolute  alcohol  has  no  action  on  any  carbonate  tilt 
water  is  added  to  it.  If  both  substances  are  lit]uid»  no  addition  of  water 
18  necessary;  thus  oxalic  acid  in  a  etate  of  etEoreacence  di!*t«olvcd  in 
absolute  alcohol  precipitates  nitrate  of  Hmo  diss<jlvcd  in  the  same  liquids 
Further  developments  of  this  subject  will  be  found  under  the  headg  of  the 
above-named  acids  and  metalsj  also  under  AlcohoL  On  the  action  of  acids 
on  metals,  vld.  Keir  (6"cAff».  53,  154). — ^Herschel  (Attn,  Ch.  Phys.  54, 
87;  Fogg.  32,  211,  also  Ann,  Pkarm.  10,  250).— Wetzlar  {Schw,  4i),  4JI>; 
50,  88  and  129;  56,  206). — Berzclius  ( J  nn?m/ i?<7ior^,  8,  104). — Schwei^"- 
^r  Seidel  {Schu\  53,  167).— Dumas  {Ann.  de  t Industrie  Fran.  182i>, 
Mai;  abstr.  *Sc/«£^.  57,  23).— Schtmbein  {FhiL  Mag,  J,  9,  53;  Fo^,  37, 
;?{H)  and  590;  38,  444  and  4.92;  30,  137,  342  and  351  ;  40,  193;  41,  41  ; 
43,  1).— Faraday  {PkiL  Miff/.  J,  f),  57;  10,  175).— Mousson  (BM.  miiv, 
iV.-V'.  5,  155;  also  Pofjff.  39,  330).— Andrews  {PhiLMag.  J.  12,  305;  also 
Pogg.  45,  121),— Noad  {Phil.  Mwf.  J.  10,  267;  12,  48;  15.  292fab8tr. 
Pogg,  15,  292). — On  the  action  of  acids  on  carbonates,  vid.  BerthoUet 
(Siatifpte  Ckiju,  2,  50)-— PelouM  (Ann,  Ckini.  Plujs,  50,  314,  also  Pogg. 
25,  343,  also  Ann,  Pkarm,  5,  260;— J «n.  Chim^  Phi/s,  50,  434;— J, 
Chim.  med,  9,  401).- — Leroy  (*/.  Chim,  med,  9,  489). — ^Braconuot  (.'<««. 
Chim,  Phys.  52,  286,  also  Pogg,  29,  173). — Kuhlmann  {Ann.  Chim,  Phys, 
67,  209,  also  Ann.  Phann,  27,  22,  also  J.  pr,  Chan,  14,  502). 

Moreover,  just  as  the  .'dimple  formation  of  compounds  often  requires  a 
higher  temperature  than  that  which  is  necessary  to  brtug  the  coiubiuing 
euWances  into  the  fluid  f^tate,  so  likewise  is  this  big  lie  r  temperature 
necessary  in  many  case.'<  of  combinntion  attended  with  decomposition. — 
A  red  heat  is  necessary  to  enable  oxygen  gas  to  decompose  ammouiacal 
gas  into  water  and  nitrogen  gas,  and  for  the  formation  of  carbonic  oxide 
and  hydrogen  gas  by  the  action  of  charcoal  on  vapour  of  w*atcr. 

In  these  cases  also  light  and  electricity  may  sometimes  supply  the 
]»lace  of  elevated  temperature  (Vid.  Chemical  ffects  a/  Light  and  Elec- 
tricity). 

We  proceed  to  notice  some  of  the  more  important  cases  of  chemical 
deconn>08ition  brought  about  by  the  superior  allinity  of  superadded 
liodies  I 

1*  A  compound  A  B  is  decomposed  by  intervention  of  C  into  the 
compound  A  C  and  the  libemted  body  B.  {Sdicme  1*.)  Simple  Medim 
Affinityf  Alt  radio  thctiva  simphx. 

Decompositions  of  this  kind  in  which  heat  forms  one  of  the  acting 
boilies  are  as  follows:  Let  A  B  be  water,  i.^.  heat  +  ice,  and  C  frozen 
mercury;  these  give  liquid  mercury  and  ice  {Sch,  2). — Let  A  B  be  oxide 
of  gold,  i.e,  oxygen  +  gold,  and  C  heat  at  a  temperature  of  incandescence; 
the  result  is  oxygen  gas  (oxygen  -f-  beat)  and  metallic  gold  {Sch,  3).  In 
a  similar  manner  carbonate  of  lime  at  a  red  beat  is  resolved  into  carbonic 
acid  gas  and  lime:  likewise  arseniurctted  hydrogen  gas  at  a  red  heat  into 
hydrogen  gas — which  in  the  separate  state  i?  more  expanded  and  therefore 
probably  combined  with  a  greater  quantity  of  heat  than  when  in  union 

*  Plite  111.  The  (lotted  linetf  denote  tbe  compotmds  deatrojcd ;  the  fall  Une«  the 
new  compouiiiid  formed. 
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with  arscnio— and  metallic  arsenic, — Let  A  B  be  hydrochloric  acid  gas 
(hydrochloric  acicl  ^  heat)^  and  C  water;  iho  water  combines  with  tbo 
acid  forming  ac[ueous  solution  of  hydrochloric  aoidj  atid  heat  is  diseu^raged. 
(Sch.  4). 

Cases  in  wbteh  all  three  bodies  are  ponderable :  Sulphtiret  of  gilrer 
expoaed  to  the  air  at  a  red  heat  yieldis  ^ulphuroiiii  acid  and  metallic  silrer 
(ScL  5). — Oxide  of  zinc  heateJ  to  reduea«  m  contact  with  charoo&t  is 
resolved  into  carbonic  oxido  and  metallic  zinc  (iSVA,  6). — Oatide  of  oapptr 
in  a  similar  manner  into  carbonic  acid  gfkn  and  copper  CSch.  7)* — Chlorine 
gas  expels  oxygen  gas  from  reddiot  pota«h  (K  0)  and  produces  chloride 
of  potassium  (Sck,  S), — Hydrochloric  acid  and  zinc  form  chloride  of  zinc 
with  disengagement  of  hydrogen  gas  {Sch,  B). — Iron  decomposes  chloride 
of  fciilverin  contact  with  water  into  chloride  of  iron  and  silver  (Sch,  10). 
Qjtnabar  (HgS)  heated  to  redness  in  contact  with  iron  yields  sulpha  ret  of 
iron  and  mercury  {Sch,  11). — Carbonic  acid  ga^  is  expelled  by  sulphuric 
acid  from  carbonate  of  lime,  and  sulphate  nf  lime  is  formed  (Sch.  12). — 
Aqueous  solution  of  nitrate  of  silver  mixed  with  caustic  potash  yields 
oxido  of  silver  and  nitrate  of  pottush  (Sch.  13). — Water  added  to  a 
solution  of  resin  in  alcohol  forms  dilute  alcohol  and  precipitates  resin. 
On  the  other  hand,  Glaubers  salt  difc»«ulved  in  water  is  almost  wholly 
preoijritated  by  addition  of  alcohol  :  for  the  mixture  of  alcohol  with  a 
large  quantity  of  water  has  scarcely  any  atfinity  for  resin,  and  that  of 
water  witli  a  largo  quantity  of  alcohol  scarcely  any  affinity  for  Ghinber's 
salt. 

Sometimes  C  takea  from  the  compound  A  B  only  apart  of  A,  so  that 
a  compound  of  B  witli  a  smaller  ijuautity  of  A  is  separated.  Thua  rinc 
in  a  state  of  incandesicencc  robs  carbonic  acid  of  half  its  oxygen  and  eon- 
verts  it  into  carbonic  oxide  (6VA,  14). — The  resulting  compound  A  C  may 
then  ewmbino  with  A  B  which  has  been  deprived  of  half  its  original 
quantity  of  A.  Thus  zinc  and  solution  of  sulphurous  acid  form  hyiK>8iil- 
pliite  of  zine  (Si^h,  15). — Or  C  may  rob  the  compound  A  B  of  the  whole 
of  A  and  part  of  B,  and  separate  only  the  remaining  part  of  B,  Thus 
sulphuric  acid  heated  with  peroxide  of  manganese  forms  sulphate  of  prot- 
oxide of  manganese  and  drivefj  out  half  the  oxyi^en  (iSVA.  16). 

The  decomposition  of  A  B  by  C  sometimes  takes  place  in  presence  of 
another  body  D  which  is  at  first  combined  with  A  B  and  afterwanh*  unites 
wjL!i  AC,  "Water  {A  B)  mixed  with  sulphuric  acid  (D),  yields  wbeu 
acted  upon  by  zinc,  sulphate  of  zinc  and  hydrogen  gas  (Sch  17)* — The 
same  kind  of  action  takes  place  whenever  hydrogen  gaa  is  given  otf  during 
the  solution  of  a  metal  in  dilute  oxygen  acids  or  alkaline  solutions. — ^To 
this  head  likewnse  belong  all  precipitations  of  metals  from  solution.^  of 
their  oxides  in  ox-acids  or  alkali**,  by  other  metals  in  the  metallic  state: 
(in  Sck  17  a  metal  must  be  substituted  for  hydrogen).  Thua  zinc 
immersed  iu  sulphate  of  copper  produces  sulphate  of  zinc  and  metallic 
copper  {^Sch,  18):  similarly,  copper  and  nitnito  of  silver  give  nitrate  of 
copper  and  metallic  silver  (AVA.  lf>), — When  carbonate  of  soda  is  heated 
to  redness  in  contact  with  pliosphoruiii^  phosphate  of  soda  and  charcoal  are 
produced  (ScL  20). 

SometimcB  only  part  of  tho  compound  A  B  is  decomposed,  and  the 
other  part  combines  with  the  newly' formed  compound  A  C,  taking  the 
place  of  the  substance  D.  Potassium  heated  in  carbonic  acid  gas  sepa- 
fates  oharooal  and  forms  potash,  which  combines  wtth  the  undecomposed 
portion  of  the  carbonic  acid  (.SWt.  2l).^Chlorino  passed  into  tsolution 
of  ammonia  liberates  the  nitrogen  of  that  compound  in  the  gaseous  form, 
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and  combines  with  the  hydrogen  forming  hydrochloric  acid,  which  then 
naiten  with  the  remaining  portion  of  ammonia,  forming  sal^ammoniao 

A  similar  action  sometimes  takes  place,  with  this  difference,  that  C 
takes  only  part  of  A  from  the  decom[>o8iiig  portion  of  A  B.  Mercury 
heated  with  aulphuric  acid  produces  solphato  of  mercury  and  sulphurous 
acid  (iSVy*.  23). — Copf^er  treated  with  nitric  acid  yields  nitrate  of  cop- 
per ami  nitric  oxide  jiras  UScL  24), — Zinc  and  dilute  nitric  acid  yield 
nitrate  of  zinc  and  nitrous  oxide  gas  (Sc/t,  25). 

2.  The  action  of  C  on  the  comjiound  A  B  produces  two  new  com- 
pounds, AC  and  B  C  (*SVA.  2t5).  When  oxide  of  mercury  b  heated  to 
redneaa,  vaj^iour  of  mercury  (mercury  -f  heat)  and  oxygen-gas  (oxygen 
+  heat)  are  produced.  Sulphuret  of  carbon  hunit  in  oxygen  gas  pro- 
duces sulphurous  acid  and  carbonic  acid  {^Sch,  27)* — Sulphuret  of  anti- 
mony heatcfl  in  cont4ict  with  air  yields  eulphuroua  acid  gaa  and  antimo- 
Jlious  acid  {ScA.  28). — A  »imihir  action  takes  placo  with  other  metallio 
sniphurot8, — Chlorine  j^as  converts  sulphuret  of  antimony  into  chloride  of 
eulphnr  and  chloride  of  antimony  (6r-A.  29),  and  produces  similar  elfocta 
on  other  metallic  uulphiirets. — Hometimes  the  two  new  compounds  A  O 
and  BC  combine  togt^thcr.  Thns  sulphuret  of  copper  when  heated  in 
the  air  is  converted  into  feulpbato  of  oxido  of  copper  (Sc^,  30). 

Tlio  sanio  decomposition  often  takes  place  in  presence  of  a  fourth 
body  D  combined  with  A  B,  one  of  the  new  compounda  A  B  and  A  C,  or 
eacfi  of  them  separately,  uniting  with  this  fourth  body.*— Mercury  placed 
in  a  solution  of  nitrate  of  silver  fonns  eubnitrate  of  mercury  and  silver* 
amalgam  (Arbor  Dianie,  Sch,  31).— When  phosphorus  is  boiled  in 
water  holding  potash  in  eolution^  phosphate  of  potash  and  pbospburetted 
hydrogen  gas  are  produced  (*ScA,  32), — Cblorine  gaa  pa^sea  into  aeneous 
ftolotion  of  potash  yields  chlonit©  and  bydrochlorate  of  potash  {Sch,  33)* 
— If  in  this  process  we  suppose  that  potas^h  instead  of  water  is  the  body 
decomftosed,  and  that  not  bydrochlorate  of  potash  but  chloride  of  potria- 
sium  is  produced,  then  /bc/t,  34  must  be  substituted  for  tSch,  33.  The 
action  of  bromine  or  iodine  upon  potash  is  precisely  similar  to  that  of 
chlorine.  Sulphur  exerts  a  similar  action  on  lime  (or  potash)  when  water 
is  present;  the  action  will  bo  represented  by  ^ScL  35  or  ScL  36  according 
as  we  suppose  hydrosnlpbato  of  lime  or  quinto-sulphurot  of  calcium 
to  be  the  body  formed.  In  ^SV/i.  34  and  36»  the  fourth  body  is  a  part  of 
the  compound  A  B,  which  remains  undecom posed.  The  same  is  the  case 
in  the  conversion  of  potash  by  excess  of  sulphur  at  a  red-heat  into  quinto^ 
eiiJphuret  of  potassium  and  sulphate  of  potash  (Sdi,  37). 

Sometimes  a  fourth  boily  D  exists  before  the  decompoaition  in  combi- 
nation with  A  B,  and  is  set  at  liberty  by  the  decomposition.  Sulphate  of 
ammonia  dissolved  in  water  is  converted  by  chlorine  into  hydrochloric 
acid,  chloride  of  nitrogen,  and  free  sulphuric  acid  (B)  {Sch.  38). 

3,  Tbo  compound  A  B  is  acted  upon  by  the  compound  C  D,  and  there 
are  formed  two  new  compoun<ls  AC  and  BD.  This  very  frequent  and 
important  case  is  called  decomposition  by  Double  Elective  Affiniti/,  DouhU 
AJinit^t  AUractio  dediva  ditpltx  {Sch.  39), 

Perchloride  of  phosphorus  (P  Cl^)  and  water  prodnc©  hydrochloric 
acid  and  nhospborie  acid  (P  0*)  {Sch.  40).— Sulphuretted  hydrogen  with 
oxide  of  lead  yields  sulplniret  of  lead  and  water  {Sch.  41);  with  peroxide 
of  tin,  bisulpburct  of  tin  and  water  {Sch,  42);  with  arscnious  acid,  toi> 
sulphuret  of  arsenic  and  water  {Sch.  43);  with  arsenic  acid,  qninto-sul- 
phuret  of  wrsonio  and  water  {Sch.  44), — Other  hydiacidfl  act  npon  me- 
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tallic  oxMos  in  a  elmilar  manner.  Tcrsulpliuret  of  antimony  heated  with 
protoflilari<le  of  mercury  yields  terchloride  of  antimony  and  proto-gnl- 
phuret  of  mercury  {Sch*  45), 

The  moiit  frequently  occnrring  decompositions  by  doable  affinity  arc 
those  ofealt^  (containmg  a  base  and  an  acid  as  proximate  elements). 
Two  saltK  which  contain  diflerent  a^ids  and  different  bases  often  inter- 
ebftnge  elements  in  snch  a  manner  that  the  acid  of  the  firet  combines  with 
tbd  Wde  of  the  second*  and  tho  acid  of  the  eccond  with  the  base  of  the 
first.  This  decomposition  is  seldom  observed  when  salts  are  melted  io^i^ 
ther,  becaase  in  caue  of  an  exchange  taking  place  the  two  newly  fonneU 
salts  often  fose  together;  hut  it  very  fref|ueutly  occurs  when  solutions  of 
the  salts  in  water  or  other  liqui<ls  are  mixed  together.  In  the  latter  ca^« 
if  the  two  newly-formed  salts  are  likewise  soluble,  the  decomposition  may 
be  discovered  from  the  constitution  of  the  crystals  obtained  on  evafioration 
or  cooling;  but  in  very  many  cusqs  one  of  the  newly-formed  salts  is  but 
slightly  or  not  at  all  soluble  in  the  meustruura,  and  consequently  affortls 
evidence  of  the  decomposition  l>y  separating  from  the  solution  in  the 
solid  form.  When  aqueous  solutions  of  carbonate  of  potash  and  sulphate 
of  soda  are  mixed,  tlie  liquid  yields  on  evaporation  and  cooling,  first  crys- 
tals of  sulphate  of  potash,  afterwards  of  carbonate  of  soda  (Sck.  46), — 
Nitnite  of  baryta  and  sulpha te  of  soda  mixed  iu  the  state  of  aqueous  solu- 
tion yield  nitrate  of  soda  which  remains  dissolved^  and  sulphate  of  baryta 
which  immediately  precipitates  in  tlje  form  of  an  insoluble  white  poivder 
(iSVA,  47).— Siitiihirlv,  af|ueous  f^olntions  of  carbonate  of  potaHh  and  nitrate 
of  lime  yiebl  a  tliiclc  precipitate  of  carbonate  of  lime,  while  nitrate  of 
potash  remainN  dissolved  in  the  ncpiid  (.^VA.  48), — A  soluble  salt  may 
likewiso  intercliango  elements  with  an  iusolnblo  one;  e,  g,  carbonate  of 
soda  and  sulphate  of  lead  yield  sulphate  of  soda  and  carbonate  of  lead. 

To  this  case  belongs  Hiehters  Lttw  of  Kcnlmlizadon  (Beitrage,  4,  66)» 
Richter  found  that  when  decomjiosition  takes  place  between  two  salts 
which  arc  neutral  to  vegetable  colours  (page  f>7)  the  two  newly-fonne«l 
aaltfl  are  likewise  neutral.  From  this  he  cnncluded  that  if  tlie  acid  of  tho 
first  salt,  by  combining  with  a  certain  quantity  uf  the  ba.se  of  the  second, 
acta  free  a  certain  quantity  of  acid  belonging  to  it,  this  quantity  of  acid 
is  exactly  snUlcient  to  feu-m  a  neutral  salt  by  combining  with  the  dispo- 
«iblo  auantity  of  the  bnse  of  the  fir^t.  Of  tliis  importiint  principle  Richter 
availo<i  himself  in  his  stoichiomctrical  calcuiatirm.M:  the  result  can  now 
b©  easily  expJaij*ed  by  the  atnniic  theory  tis  above  devehqied.  Salts  are 
commonly  neutml  when  tlicy  contain  one  atoui  of  acid  for  every  atom  of 
baae.  If  n<iw  two  salts  thus  eoustitutcd  decompose  each  other,  precisely 
1  atom  of  acid  of  the  tirst  combines  with  I  at^^m  of  base  of  tlie  second; 
and  1  atom  of  base  of  the  first  with  1  atom  of  acid  iA  ila^  second:  hence 
both  tho  new  compounds  are  ueutral.  In  those  aises,  however,  in 
which  the  newly  formed  insohiblo  salt  contains  a  number  of  atoms  of  a 
particular  acid  different  from  that  which  occurs  in  the  former  salt,  the 
hiw  of  neutralizaiion  is  subject  to  exceptions.  Thus  ordinary  phosphate 
of  sdda  contains  1  atom  of  pho.sphoric  acid  and  2  atoms  of  soila:  now 
when  tins  is  decomposed  by  nitrate  of  silver  (1  atom  of  acid  +  1  atom  of 
base)  a  compound  is  precipitated  containing  1  atom  of  phosphoric  acid 
and  3  atoms  of  oxide  of  silver;  but  these  were  originally  combined  with 
3  atoms  of  nitric  acid,  and  they  now^  come  in  contact  wltli  only  2  ut<nns 
of  ioda,  and  since  2  atoms  of  soda  require  only  2  atoms  of  nitric  acid  to 
nentmlise  them,  the  liquid  becomes  acid  (Sch.  '4f)). 

Tlie  following  are  cases  of  decomposition  by  dunble  atfinity,  iu  which 
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a  fifth  body  E  also  comes  into  play.  The  compound  A  B  is  in  combina- 
tion with  E  and  tlie  latter  suliscc|uently  unites  with  A  C,  Oil  of  vitriol 
(sulphuric  acid  -i  water)  mixed  with  chloride  of  sodium  yicdds  sulpliiito 
of  soda  and  hydrochloric  acid  ^vls  {SeL  50). — Sulphate  of  mercury 
heated  with  chloride  ot  sodium  yields  sulphate  of  soda  and  chloride  of 
mercury  (6VA.  51). — By  fusing  together  sulphate  of  baryta  and  chloride 
of  calcium  we  obtain  sulphate  of  lime  and  chloride  of  barium  {Sch,  52). 
— In  a  similar  manner  may  be  explained  all  other  decompositions  of  a 
gait  cnnsisting  of  an  oxacid  and  a  base  by  any  metallic  sulphuret^  iodide, 
bromide,  chloride,  fluoride^  or  cyanide,  whether  water  be  present  or  not. 
Thus  aqueuutf  solutions  of  sulphate  of  soda  and  chloride  of  barium  yield, 
on  mixings  a  precipitate  of  sulphate  of  baryta,  while  chloride  of  sodium 
remains  in  solution  {Svh,  53);  ami  solutions  of  carbonate  of  potash  and 
chloride  of  calcium  yield  precipitated  carbonate  »>f  lime  and  soluble  chlo- 
ride of  potassium  (ScM.  54)»  If  however  we  suppose  that  the  metallic 
sulphurets,  chloride^*,  ^*c.,  arc  converted  on  solution  into  salts  consisting 
of  hydracids  combined  w  ith  metallic  oxides,  then  Sck.  54  must  be  altered 
into  *SV/i.  55, — The  mutual  ch*com position  of  fcrrocyanido  of  potassium 
and  6ul|diate  of  coj>per  may  be  represented  by  6VA>  56  or  *SVA.  57,  accord- 
ingly a«  it  is  supposed  that  the  former  dissolves  in  water  without  altera- 
tion, or  becomes  changed  into  ]irus.«iate  of  protoxide  of  tin  and  potash;  in 
the  formor  ca«o  both  A  B  and  C  D  are  combined,  the  one  with  a  fifth,  the 
other  with  a  sixth  body,  the  former  of  which  combiuea  with  A  C,  the  latter 
with  B  D. 

The  decomposition  of  common  salt  by  heating  it  with  Filica,  and 
allowing  vapour  of  water  to  have  access  to  the  mixture,  present*-  this 
peculiarity — that  E  the  silica  is  not  combined  with  A  B  the  water,  but 
acts  by  it^lf  and  combines  with  A  C  the  soda  {^VA.  58). 

In  some  case§  of  decomposition  by  double  atbnity,  part  of  the  com- 
pouu"!  AB  remains  undecompo^^d  and  enters  into  combination  with  the 
new  compound  A  C,  Wlien  2  atoms  of  lnir>ia  at  a  red  heat  arc  acted 
upon  by  1  atom  of  bisulphuret  of  carbon,  there  are  formed  2  atoms  of 
sulphnret  of  barium  and  J  atom  of  carbonic  acid  which  unites  with  the 
nndocomposed  atom  of  baryta  (Seft.  5i>).— In  otlier  cases  the  undccom- 
posed  portion  of  A  B  unites  partly  with  A  C  and  partly  with  BD.  Thus 
when  tersnlidmret  of  antimony  in  excepH  in  fu>?cd  with  potash,  a  compound 
of  sulphuret  of  antimony  with  oxide  of  antimnuy  is  formed,  and  also  a 
compound  of  suljiburet  of  antimony  with  suiphuret  of  potassium 
{Sc/u  m). 

Or  again,  the  undccomposed  portion  of  A  B  unites  with  the  new  com- 
pound BDj  and  the  nndecom posed  portion  of  C  D  with  the  new  compound 
A  C.  Thus  on  fusing  together  8  atoms  of  tcrsnlphuret  of  antimony  and 
7  atoms  of  potasli,  we  obtain  a  compound  of  sulpliuret  of  potassium  witli 
eulpburet  of  antimony  and  a  compound  of  oxide  of  antimony  with 
potash  (Sc/t.Cil). — Bieulpliuret  of  carbon  dissolved  in  a«jueous  solution 
of  potash  yields  sulphuret  of  puta^sium  which  unites  with  sulphuret  of 
carhon,  and  carlionic  acid  which  conddues  with  potash   (Sch.  (>2). 

Tlie  compound  A  B  njay  also  be  in  combination  w^ith  a  fifth  body  E, 
which  is  set  free  by  itself  simultaneously  with  the  formation  of  A  C  and 
DD,  The  compound  of  hydrochloric  and  ammonia  (E)  is  resolved  when 
mixed  w^ith  lime  into  chloride  of  calcium  and  water,  while  ammonia  is  set 
free  (Sch.  63.) 

Lastly,  a  portion  of  B  may  remain  nncombined:  2  atoma  of  hydro- 
chloric acid  and  1  atom  of  peroxide  of  roanganeso  yield  2  atoms  of  water 


Itt  Aimnrr* 

•ad  1  atom  of  oUoride  of  mwnguieae,  wUIo  1  steal 
gaged  {Sck.  64).    If  we   sappoM  dull  hjfdzoelilonte  of ; 
Buuigaiieie  ia  formed  insteftd  of  the  chlonde  of  aMOgaiM, 
repneent  tbe  aetion  b7  8ek  78. 

4.  The  mutual  Mtkm  of  AB  and  CD  prodoees  oaiy  the ^ 

A  0,whUe  both  Band  Due  Mj^amted  ill  the  free  atirte  (&l.e5).    Ou* 

bonate  of  potaih  mixed  in  eolation  witii  enlphale  of  alnmiaa  iv * 

pbate  of  potaahy  while  earbonie  aoid  ia  diaengaaed  aa  m  aad  i 
pieeipitatod,  thia  earth  not  being  able  to  eombine  with  eaibei 
(Sek.  66).  Nitric  aoid  aad  hydroohlorio  add  heated  tc^gelhar  ftm  ^ 
hyponitrie  acid^  and  chlorine  ^Sd^  67).  In  thia  eaae  the  eo 
A  B  and  C  D  maj  exist  in  combination  one  with  the  other,  aad  i 
eompoaition  when  heated.  Thna  anlphate  of  ammonia  paand  thioggli  a 
red-hot  tube  ia  reaolyed  into  water,  nitrogen  gaa  aad  anlphnr  (8dL  M). 
MoreoTer  the  element  B  of  the  compound  A  B  and  the  demeat  D  of  iae 
compound  CD  may  bo  identical:  thua  aulphuroua  add  and  anlnhaiettad 
hydroffcn  form  water  and  aulphur  (8^  69);  iodic  add  aad  hjdiiodie 
acid  yield  water  and  iodine  (Sek.  70);  nitrite  of  ammonia  diaaolTed  ia 
water  ia  reaolred  by  gentle  warmins  into  watw  aad  nitrogen  aaa  {SdL 
71).  If  in  theae  oaaea  the  body  C  dfoea  not  take  up  the  whole  wA,  aaii 
of  the  latter  remaina  in  oombination  with  the  aeparated  eleoMai  waiah 
exiated  in  both  the  original  compounda:  thna  nitrate  of  ammonia  ia  sa* 
aolTod  by  heat  into  water  and  protoxide  of  nitrogen.    {8ek,  7S.) 

A  portion  of  A  B  may  alao  remain  undecompoeed  and  combine  aa  a 
fifth  body  with  either  D  or  A  C.  H^rodiloric  add  aad  peroxide  of  aiaa- 
ffaneao  reaolve  themaelvea  by  their  joint  action  into  water,  chlorina^  aad 
hydroohlorate  of  protoxide  of  manganeae  {Sek.  78).  Anhydroua  aal- 
pliuric  acid  acting  with  the  aid  of  lieat  on  chlorine  of  sodium  producea 
aulphato  of  soda,  sulpliurous  acid  gas^  and  chlorine  gas  {Sch,  74). 

5.  The  two  bodies  C  and  1)  act  separately  on  tbe  compound  A  B,  and 
produce  the  compounds  A  C  and  B  D.  The  two  electricities  flowing  into 
water  on  opposite  sides  produce  oxygen  gas,  which  may  perhaps  be 
regarded  as  a  compound  of  positive  electricity  with  oxygen,  and  hydrogen 
gas,  which  should  perhaps  be  regarded  as  a  compound  of  negative  deotri- 
dty  wite  hydrogen  (iScA.  75) ;  and  a  similar  explanation  may  be  given 
of  the  decompositions  of  other  ponderable  compounds  by  the  electric 
current.  Silica  mixed  with  charcoal  and  acted  upon  at  a  red  heat  by 
chlorine  gas,  yields  chloride  of  silicium  and  carbonic  oxide  {Sck,  76). 
Similar  results  are  obtained  with  many  other  metallic  oxides. 

6.  There  are  two  compounds  A  B  and  C  D  independent  of  each  other: 
a  body  E  combines  with  A,  brings  B  into  combination  with  D,  and  seta 
C  at  liberty  (Sch.  77).  When  vapour  of  water  is  passed  over  a  mixture 
of  chloride  of  silver  and  charcoal  at  a  red  heat,  carbonic  oxide,  hydro- 
chloric aoid,  and  metallic  silver  are  produced  (Sch,  78).  In  the  following 
instance  another  portion  of  E  combines  at  the  same  time  with  BD. 
Chloride  of  sodium,  jperoxido  of  manganese,  and  sulphuric  acid  yield 
sulphate  of  soda,  sulphate  of  protoxide  of  manganese,  and  chlorine 
(Sch.  79). 

7.  From  a  compound  of  A  B  with  A  D,  E  takes  the  whole  of  A  and 
separates  B  and  D  either  in  the  free  state  or  combined  together  (Sch.  80). 
When  hydrate  of  potash  is  brought  into  contact  with  iron  at  a  white 
heat,  oxide  of  iron,  hydrogen  gas,  and  potassium  are  produced  (Sch.  81). 
Charcoal  decomposes  carMnate  of  soda,  producing  3  At.  carbonic  oxide 
gaa  and  1  At.  sodium  (Sch,  82).    Charooal  at  a  rod  heat  deoomposes 


DECOMPOSITION  BY  AFFINITY. 


12S 


phosphate  of  lead,  producing  carbonic  oxide,  pbosphoniSi  and  lead  {ScJu 
83)*  Hydrogen  gas  conducted  over  red  hot  eulpliate  of  potasli  producoa 
water  and  eulphurot  of  potaaaium  {Sch.  84).  Tin  treated  with  at[iieoua 
solution  of  nitric  acid  yields  peroxide  of  tin  and  ammonia,  the  latter,  how- 
ever, combining  witli  the  undocomposed  ]>ortion  of  tho  nitric  acid  (Sch,  85), 

8.  Two  compounds,  ABC  and  1>  E  F,  resolve  tbeni8olve«  by  their 
mutual  action  into  the  3  coraponuda  AD,  BE,  aud  C  F  (*SH.  HH),  Tliia 
oaso  hajs  received  the  uarao  of  Ait  radio  thctiva  muUiplfjr»  Hy*lrosu!phato 
of  ammonia  and  nitrate  of  lead  produce  fiulphuret  of  lead,  water,  tind 
nitrate  of  ammonia  (^'cA,  87). 

The  cauao  of  all  theae  decompositions  of  existing  compoundB  by  super- 
added bodies  resulting  in  the  form  at  ion  of  new  compoundti,  is  universally 
to  be  sought  in  the  condition  that  the  forces  which  tenti  towards  tho 
formation  of  tbo  new  comfjounds  are  stronger  than  those  whose  tendency 
18  to  maintain  the  old  ones.  In  snch  changes  atBnity  playa  by  far  the 
meet  important  part ;  but  some  influence  is  also  exertea  by  cohesion. 

The  influeufo  of  cobe^iion  may  perbapa  bo  understood  in  the  following 
manner.  The  morn  coherent  any  element  of  a  compound  may  bo,  the 
greater  will  be  its  inclination  to  leave  that  compound,  and  fonn  itself,  by 
virtue  of  cohesion,  into  larger  raasees,  and  the  more  quickly,  therefore, 
will  the  old  com|K)und  bo  decomposed  by  a  weaker  aflfaiity,  Tho  game 
elFeot  results  from  greater  cohesion  in  the  new  com|»OQnda  ]  for  the  for- 
mation of  these  compounds  is  then  assisted,  not  only  by  the  aflinity  of 
their  elements,  but  also  by  tlie  tendency  of  the  compound  atoms  to  unite 
themselves  by  virtue  of  tbeir  cohenion  into  larger  masses.  The  greater 
therefore  the  cohesion  of  the  separating  bodies  aud  of  tho  compounds 
about  to  bo  formed,  the  more  easily  will  the  decomposition  take  place; 
on  the  contrary,  tho  greater  tbo  cohesion  of  the  old  compounds  and  of  tho 
body  wdiich  produces  the  decomposition,  the  greater  will  be  the  excess  of 
aflinities  required  to  effect  that  decomposition,  Tliis  influence  of  cohesion 
seems  to  be  especially  corroborated  by  the  law  discovered  by  Habneniann 
{Demachi/  Laborant  im  Gros^m,  P,  2,  1784,  VorrecUf)^  and  further  deve- 
loped by  Borthollet,  viz.,  that  two  salts  dissolved  in  w^ater  decompose  one 
another  by  double  affinity,  whenever  one  at  least  of  tbo  new  i^i]u  is,  at 
the  given  temperature,  less  soluble  (and  therefore  more  coherent)  than 
either  of  the  two  original  compounds.  This  law  holds  good  without  any 
exception  whatever ;  in  no  instance  are  two  soluble  salts  produced  from 
tlje  mutual  action  of  a  soluble  and  an  insoluble  salt ;  on  the  other  hand 
two  soluble  salts  often  produce  a  less  soluble  and  an  insoluble  salt  The 
only  case  which  aj>pears  to  present  an  exception  is  that  ohaerved  b 
Th.  Schorer  (Po*j(j.  51,  470),  and  this  requires  further  examination. 
is  from  this  cause  that  precipitations  so  often  result  from  decompositions 
by  double  affinity.  {Comjy,  Sch,  46,  47,  48,  49.)  If  now  wo  sup^KJse  that 
a  salt  dissolves  in  water  with  greater  facility,  the  more  coherent  it  is 
(although  tho  strength  of  its  aillnity  for  water  must  also  be  taken  into 
consideration),  it  will  follow  that  in  these  deconTpositions  the  precipitation 
results  from  the  greater  cohesion  of  one  or  both  of  the  now  aalt^.  Perhaus 
in  these  mutual  decomiHjsitions  of  salts,  tbo  affinities  by  which  the  old 
compounds  are  held  together  are  in  equiybrium  with  those  which  tend  to 
produoe  the  new  ones,  and  eondequently  the  greator  cohesion  of  a  new 
oompound  determines  the  result. 

On  the  other  band,  the  expriments  of  Gay-Lussae  (page  114)  must  be 
considered,  according  to  which  cohesion  exerts  no  perceptible  influence 
on  solubility.     Nevertheless,  Gay-Lu8sac*8  ©xpbinaf4ou  of  the  above  law 
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(-Inn.  Ohlm.  Phys.  70,  427)  tlifTers  but  little  from  tliat  of  Berthollet. 
The  following  cxplanatiDn  may  aLso  be  proposed.  The  more  intimates 
tbo  combinatioD  between  an  acid  and  a  base,  and  cnn«ef{uently  tbe  more 
completely  tbc  combining  tendency  of  tbe  two  bodies  is  satLetied  by  tbe 
combination,  tbc  smaller  will  be  the  affinity  exbibited  by  tbe  new  com- 
pound, under  otbcrwiBC  equal  circumstances,  towards  otber  bodies  ;  it  will 
therefore  have  less  affinity  for  water,  that  h  to  say,  it  will  be  less  soluble  : 
it  must,  however,  bo  observed  that  the  solubility  will  diminish  in  \^tj 
different  degrees  accordiug  to  the  nature  of  tbe  acid  and  tbe  base.  Heoco 
in  the  decomposition  of  salts  by  double  affinity,  tbe  resulting  compoundj* 
are  always  those  in  w*bo^e  formation  the  strongest  affinities  come  into 
play;  ami  precisely  for  this  reason,  these  same  compounds  arc  those  which 
have  comparatively  the  least  solubility. 

Independently,  however,  of  this  influence  of  tbe  coheaive  force  (wbicb 
must  not  in  any  case  be  estimated  t*to  highly),  decompositions  are  wholly 
determinetl  by  tbe  relative  strength  of  tbc  affinities*  Decomposition 
invariably  takes  place  wbcnever  tbe  Separathif/  Afinitiesy  Aftnitafea  divel- 
lefde^j  u  e.f  tbe  atbnities  wbicb  tend  to  tbe  formal  ion  of  new  compounds, 
are  together  greater  than  the  Latent  Ajfinities^  AJini(<xUs  quiescenUff 
those,  viz.,  by  which  the  old  compounds  are  held  together.  The  result  is 
determined  not  by  any  single  affinity,  but  by  tbe  sum  of  all  tbe  affinities 
which  are  capable  of  being  satisfied  at  the  same  time.  Hence  a  stronger 
affinity  may  be  overcome  by  several  weaker  affinities  which  can  be 
brought  to  act  together*  Fur  example,  silica  cannot  be  deprived  of  its 
oxygen  by  beating  it  with  chnrcoal:  whence  it  follows  that  the  atbnity  of 
oxygen  for  eilicium  is  greater  than  its  affinity  for  carbon;  neither  can 
chloride  of  silicium  be  formed  and  oxygen  separated  by  heating  silica  in 
chlorine  gas ;  whence  we  may  infer  that  silicium  has  a  greater  affinity  for 
oxygen  than  for  chlorine.  But  when  chlorine  gas  is  conducted  over  a 
mixture  of  silica  and  charcoal  beatetl  to  redness^  the  affinities  of  oxygen 
for  carbon  and  of  chlorine  for  silicium  act  simultaneously,  and  these  two 
weaker  affinities  are  together  greater  than  that  of  siltcinni  for  oxygen; 
consequently  carbonic  oxide  and  chloride  of  silicium  are  produced  (6'c». 
75). 

From  this  may  bo  deduced  the  explanation  of  Bccompmiiiofi  6y  Pre- 
dispminff  A^fnitif  {AjinHas  pntdhponfns).  If  the  affinity  between  A 
and  B  be  greater  than  that  between  A  and  C,  it  is  still  possible  that  C 
may  decompose  A  B  autl  form  A  C,  provided  a  fourth  substance  0  bo 
present,  whoso  affinity  for  A  C  is  such  as  to  determine  the  fi>rmation  of 
that  compound.  Suppose  the  compound  A  B  to  be  carbonic  acid,  C  phos- 
pborusj  1)  sofla.  Phosphorus  has  n(*t  flic  power  at  any  temperature  of 
depriving  carbonic  acid  of  all  its  oxvgeu,  nnd  .separating  the  carbon :  on 
the  contrary,  when  jdiospboric  aciil  and  charcoal  are  heated  togetlier. 
carbonic  oxide  and  p!iospliorus  are  produced.  Now  by  the  presence  of 
soda,  which  baa  a  certain  affinity  for  carbonic  acid,  but  a  much  greater 
affinity  for  phosphoric  acid,  the  circumstances  are  altered.  If  vapour  of 
phosp horns  be  conducted  over  carbonate  of  soda  beatetl  to  redness  in  a 
tube,  a  black  mixture  of  charcoal  and  pbofjpbate  of  i^oda  is  produced,  tbe 
action  being  accompanied  by  a  devciopment  of  light  and  beat  {ScJi,  20). 
If  we  su|>pose,  for  the  sake  of  illustration,  tliat  the  affinity  of  oxygen  for 
carbon  ^=  10,  for  jdioHpborns  ^  9,  that  of  soda  for  carbonic  acid  =  1,  and 
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for  |.hosphoric  acid  =^  :i,   then  the  sum  of  the   latent  affinities   will  be 

conse 
the  pre 


10  4-  1  =  ll»  that  of  the  dtcora})osiUg  affinities  r^  9  +  3  =  12: 
quently,  decompositiou  must  take  place.     In  this  instance  it  is 
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di«p08m<^  afiTmity  of  so<la  fur  phosphoric  acid  which  hrintra  about  the  for- 
mat ion  of  tliat  campouml.  It  m  true  that  we  hero  tak(*  into  account  the 
affinity  of  a  stibHtance  (soda)  for  a  compound  {phosplioric  acid)  which 
before  the  decom  posit  ion  takc«  place  has  no  existence.  But  when  bodies 
are  brought  into  intimate  contact,  all  tho  forces  which  exist,  not  only  in 
themf^elvca  but  in  all  their  posaiblo  compounds,  are  called  into  action  at 
the  same  time.  Without  such  a  supposition  it  would  bo  impossible  to 
give  a  satisfactory  explanation  of  the  decomposition  of  carbonic  acid  by 
phosphorus,  and  of  many  others  of  similar  nature. 

The  same  decompositions  always  take  place  under  similar  circnm- 
etances ;  for  example,  it  never  happens  that  A  B  is  decomposed  by  C  at 
one  time  and  A  C  by  B  at  another ;  but  with  change  of  circumstances, 
such  opposite  results  of  the  conflict  of  affinities  often  show  themselves, 
constituting  the  so-called  Beciprocal  or  AH^rnatinff  Elective  Affmiiks^ 
AJlnitatt's  r€ciprociT.  The  circumstances  whose  altenition  may  be 
attended  with  such  changes  of  result  are  the  relative  qnantities  of  the 
bodies  which  act  upon  each  other,  the  predisposing  affinity  of  the  solvent, 
and  the  presence  of  heat. 

1.  lit hf live  Qimntli^,  An  excess  of  one  of  the  bodies  which  act  upon 
each  other  nmy  prodtico  an  opposite  resultj  sometimes  by  adhesion,  some- 
times by  affinity. 

«.  Bijf  Adh^simi.  When  hydrogen  gas  is  pa^ed  over  black  oxide  of 
iron  (Fe^O'),  the  oxide  is  reduced  to  the  state  of  metallic  iron,  and  a 
mixture  of  vapour  of  water  and  free  hydrogen  gaa  is  discharge*!  from  the 
end  of  the  tube.  But  if  vapour  of  water  be  passed  over  tliis  metallic  iron, 
the  metal  is  again  converted  into  black  oxide,  and  a  mixture  of  hydrogen 
gas  and  un decomposed  vapour  of  water  issues  from  the  tube.  Gay- 
Lussac  and  Regnault  {Ann.  Chim.  Pht/s.  1,33;  62,  372)  have  shown  that 
these  opposite  results  are  by  no  means  produced  (as  some  have  supposed) 
by  difl'erence  of  lemj>eraturCj  but  that  at  every  degree  of  temperature  from 
the  dullest  to  t!ie  brightest  re*l  heat,  and  even  when  red-hot  vapour  of 
water  is  passed  through  the  tube,  the  action  takes  place  sometimes  one 
way  sometimes  the  other,  according  to  the  relative  quantities  of  hydrogen 
gas  anil  vapour  of  water  present.  Hydrogen  ha.s  peihaps  a  greater 
affinity  for  oxygen  than  iron  has;  but  at  a  red  heat,  the  atliuity  of  heat 
for  hydrogen  likewise  comes  into  play,  so  that  an  o<juilibrium  takes  phice, 
— aid  tiien  tho  adhesion  between  hydrogen  gas  and  vapour  of  water  may 
determine  the  preponderance.  If  hydrogen  ga*?  is  in  excess,  its  adhesion 
to  vapour  of  water  causes  formation  of  water  and  consequent  reduction  of 
iron  ;  if  vapour  oi  water  is  in  excessj  its  adhesion  to  hydrogen  gas  causes 
the  iron  to  decompose  part  of  tho  water,  whereby  it  becomes  oxidized  and 
liberates  hydrogen  gas.  In  cither  case  there  is  produced  a  mixture  of 
hydrogen  gas  and  vapour  of  water. — According  to  DespretK  {Aiui.  Chim. 
PUys.  43,  222,  also  Po^f/.  8,  15J>)  zinc,  tin,  cobalt,  and  nickel  act  in  the 
same  manner  as  iron;  and  according  to  Kegnault,  uranium  and  cadmium  do 
the  same,  although  neither  of  them  decomposes  water  with  facility. — 
Zinc,  tin,  and  irun  exhibit,  according  to  Regnault,  precisely  similar  rela- 
tions towards  carbonic  oxide  and  carbonic  acid;  they  oxidate  in  carbonic 
acid  gas  and  convert  it  into  carbonic  oxi<le;  and  on  the  other  hand  their 
oxides,  when  heated  in  a  stream  of  carbonic  oxide  gas,  arc  reduced  to  the 
metallic  state,  carbonic  acid  being  at  the  same  time  produced,  To 
ciphiin  this  action,  we  must  suppose  adhesion  to  exist  between  carbonic 
oxide  and  carbonic  acid  gases, — Hy<lrogen  gas  passed  in  great  excess  over 
protoeulphnret  of  tin  produces  tin  and  a  mixture  of  hydrogen  and  sal- 
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pliurettcd  hydrogen  ga«es,  (Eisner,)  Tin  beat^d  in  sulplmrette<l  hydrogen 
gas  produces  protosal])huret  of  tin  and  liydrogen  gnu  (Gay-Lus8n«  4s 
Theoard). — Hydrogen  gas  passed  over  red-hot  chloride  of  silver  prodneM 
fiilverand  hydrochloric  acidgaa;  on  the  other  hand,  when  eilver  le  heated 
to  redneaa  in  hydrochloric  acid  fiii-«i»  chloride  of  silver  is  prwlocf^d  and 
hydrogen  gas  set  free  (Boussinguult,  Ann.  Ckim.  Phys,  54,  260).  Tho 
disposing  canse  in  this  cajs©  must  be  the  a^lhesion  l>otwcen  hydrochloric 
acid  gas  and  hydrogen  gas, — If  carbonate  of  lime  W  heated  in  a  tubo 
till  it  be;^ins  to  give  off  carbonic  licld  giistj  and  the  heat  Ije  then  lowered  to 
snch  a  degree  that  the  ovohuion  of  gaa  shail  cease,  it  will  immediately 
recommence  on  passing  vapour  of  water  or  common  air  thmugh  the  tube 
(Gay-Luasac,  J^in.  Chini.  Pki/s,  03,  210,  abo^itm.  Pfmnn.  22,  52).  In 
this  case,  the  adheaion  Instween  vapour  c^f  water  or  atmospheric  air  and 
carbonic  acid  gaa  enables  the  atlinity  of  heat  for  carbonic  acid  in  overconae, 
even  at  a  reduced  temperature^  the  affinity  of  lime  for  carbonic  ncid. — ■ 
While  carljonato  of  lime  gives  up  its  carbc»nic  acid  when  heated  to  redoess 
in  the  open  air,  quick  lime  on  the  other  hand  absorb^  carbonic  acid  in 
great  aliundauce  when  strongly  iguited  in  an  atnif>f*phere  of  that  gaa 
(Pctzholdt,  J.  pf\  ChfM.  17,  4 G 4).— Carbonic  acid  gaa  passed  through  an 
aqueous  solution  of  bi-hydrosulphate  of  potash  drives  out  all  the  sul- 
phuretted hydrogen  in  the  form  of  gas  and  forms  bicarl»onatc  of  [»otash ; 
on  the  contrary,  sulphuretted  hydrogen  gas  expels  carbonic  acid  from 
bicarbonate  of  potash  and  forms  binydrosulphate  of  potash,- — Metallic 
fluorides  are  decomposed  by  aouoous  Bolntioti  of  hydrochloric  acid,  and 
metallic  chlorides  by  aqueous  solution  of  hydroilnorie  acid.  Hydrochloric 
acid  decomposes  tho  acetates  and  acetic  acid  the  metallic  chlorides.  The 
ilecomposhig  acid  must  always  bo  atlded  in  very  great  excels,  so  that  a 
mixture  of  the  decomposing  and  separated  acids  may  be  evolved  in  the 
state  of  gas  or  vapour  (Gay-Lussac,  Ann.  Chim.  Phpjt,  ,30,  291,  also 
y,  Tr.  12,  2,  200).  In  these  cases,  tbcreforoj  a  certain  infiuence  is  always 
exerted  by  the  mutual  adhesion  of  the  ehialic  fluids^  or  according  to 
l)ahon*s  theory  (page  22)  by  the  circumstance  of  each  of  tho  elastic 
fluidf  acting  as  a  vacuum  towards  the  other* 

6,  Bp  Affinitr/,  If  to  an  aqueou-^  solution  of  2  atoms  of  sulphate  of 
ammonia,  potash,  or  soda  there  be  added  1  atom  of  nitric  acid  (a  larger 
cpmntity  would  remain  uncombined)  the  wmell  of  the  acid  is  completely 
destroyed,  and  when  the  solution  ia  left  to  cvajjorate  ^ponlaneouslf, 
nitrate  of  ammonia,  potash,  or  soda  crystallizes  out,  and  the  mother-liquid 
contains  an  alkaline  bisulphate.  If  on  tho  contrary  to  an  aqueous  solution 
of  I  atom  of  nitrate  of  ammonia,  potash,  or  poda  there  bo  added  2  atoms  of 
sulphuric  ncid  and  heat  applied  to  the  mixture^  the  whole  of  the  nitric 
acid  escapes  and  an  alkaline  bisulpbatc  remains.  One  at(»m  of  sulphuric 
acid  would  take  up  only  half  the  alkali  and  drive  out  ordy  half  tho  nitric 
aeid,  unless  the  action  were  assisted  by  an  elevated  temperature.  Hence 
nitric  acid  takes  from  neutral  fiulphate  of  ammonia,  potasli,  or  soda,  the 
half  of  its  base  and  forms  a  nitrate;  the  nitmte  on  the  other  hand  is 
decomposed  by  excess  of  Bulpburic  acid.  This  may  be  explaineil  as 
fidlows.  Tho  above-named  alkalis  can  combine  either  with  3  atom  of 
stdpliuric  acid  to  form  neutral  siilphatesT  or  with  2  atoms  to  form  bisul- 
phates  :  with  nitric  acid  they  only  conrbino  according  to  equal  numbers  of 
atoms.  Suppose  the  alUnity  of  the  alkali  to  nitric  ncid  =  5,  to  tlie  first 
atom  of  sulphuric  acid  =  (>,  and  that  of  the  neutral  alkaline  sulphate  so 
formed  to  the  second  atom  of  sulphuric  acid  =^  2.  If  then  nitric  acid  l>e 
added  to  a  neutral  alkaline  sulphate,  either  one  atom  of  tho  enlphate  will 
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remain  nTideoomjiosed,  affinity  =:  6 ;  o?  its  alkali  will  combine  with  tlic  nitric 
acid,  affinity  =z  5,  and  its  snlpluiric  acid  vyith  the  other  atom  of  neutral 
stilpbate,  affinity  =  2;  the  sum  of  these  affinitiea  is  5  +  2  =  7,  and  since 
C  -<  7,  decomposition  takes  place  {Sch,  88).  The  alkaline  bi^ulphate 
thne  formed  la  likewise  niiJecompa'^aldo  by  any  excess  of  nitric  acid, 
boeause  it  is  held  together  hy  the  affiniticf?  B  -h  2  =:  8,  and  the  nitric  acid 
actii  upon  it  only  with  an  affinity  z^  5.  If  therefore  on  the  other  hand  two 
atoms  of  sulphuric  acid  act  upon  one  atom  of  an  alkaliuo  nitrate,  the 
affinity  of  the  nitric  acid  for  the  alkali,  being  =  5,  is  overcome  by  that  of 
the  2  atoms  of  sulphiirio  acid  for  the  alkali  which  =6+2^8,  and  tho 
whole  of  the  nitric  acid  is  eet  free  while  an  alkaline  bbulpbato  is  produced 
(Sch,  Bd), — Similar  relations  arc  exhibited  by  hydrochloric  acid  towards 
the  sulphates  of  ammonia,  potash,  and  aoda,  and  by  fiulphuric  acid  towards 
Bal-ammoniac  and  the  chlorides  of  potassium  and  Bodium  (Eichter, 
JSrochiometrie,  2,  237). 

2.  rtrdiiijiomig  affinity  of  the  $olveiU.  Aqueous  acetic  acid  added  to 
carbonate  of  potash  disengages  carbonic  acid  and  forms  acetate  of  potash. 
But  if  the  solution  be  evaporated  to  dryness^  the  remain mg  acetate  of 
potash  dissolved  in  alcohol,  and  carl>onic  acid  ga«  passed  through  tho 
eolottonj  almost  all  the  potash  is  thrown  down  in  the  form  of  carbonate, 
and  the  liquid  contains  acetic  acid  in  combination  with  alcohol  partly 
converted  into  acetic  ether  (Pelouze),  It  would  appear  from  this  that 
alcohol  has  a  considerable  affinity  for  acetic  acid,  which  affinity  together 
with  that  of  carbonic  acid  for  potash  overcomes  the  greater  affinity  of 
acetic  acid  for  potash.  This  result  is  usually  explained  according  to 
Berthollot's  theory,  the  more  insoluble  and  coherent  compounds  being 
supposed  to  bo  most  easily  formed^  and  accordingly  in  this  case,  tho  car- 
bonate of  potash  which  is  insoluble  in  alcohol.  This  theory  is  generally 
reported  to  when  it  directly  applies  and  passed  over  in  silence  in  cases 
which  contrailict  it.  Why  does  not  carbonic  acid  throw  down  carbonate 
of  lime  from  acetate  of  lime  dissolved  in  water,  inasmuch  as  carbonate  of 
lime  IS  still  less  soluble  in  water  than  carhonato  of  potash  is  in  alcohol) 
Moreover,  according  to  Peloujse,  carbonic  acid  does  not  decompose  chloride 
of  strontium,  chloride  of  calcium,  or  nitrate  of  copper  dissolved  inalcolird, 
although  the  carbonates  of  gtroutia^  lime,  and  oxide  of  copper  are  insoluble 
in  alcohol  as  well  as  in  water.  This  instance  likewise  sliows  that  difficult 
solubility  and  great  cohesion  are  two  ditlerent  things;  otherwise  carbonate 
of  potasu  would  be  at  tho  same  time  a  very  coherent  salt  (in  relation  to 
alcohol)  and  a  very  incoherent  one  (in  relation  to  water). — The  assertion 
of  Berthollet  {Statique  Chim.  1,  401)  that  a  moderately  dilute  solution  of 
chloride  of  calcium  in  water,  depoaites  sulphate  of  lime  when  mixed  with 
sulphurous  acid  and  afterwardtf  with  alcohol,  is  one  which  I  have  not 
found  to  be  confirmed.  Even  a  solution  of  chloride  of  calcium  in  absolute 
alcohol  is  not  rendered  turbid  by  saturation  with  sulphurous  acid  gas.  (Gm.) 

A  solution  of  chloride  of  sodium  and  sulphate  of  magnesia  when 
evaporated  to  a  gentle  heat,  deposits  both  salt«  in  crystals  without 
alteration.  But  if  tho  residue  be  pulverized  and  boiled  in  alcohid*  the 
alcohol  according  to  Grotthus  {ScJier.  iV^  Bl.  273)  takes  up  chloride  of 
magnesium,  and  the  residue  therefore  contains  sulphate  of  soda  (6'cA.  t>0). 
The  boiling  must  however  he  continued  for  a  long  time,  and  the  quantity 
of  chloride  of  magnesium  obtained  is  very  sniall  (H,  Rose).  Since  alcohol 
dis^jolves  chloride  of  sodium  and  sulphate  of  magnesia  very  sparingly,  but 
chloride  of  magnesium  very  abundantly,  tho  formation  of  the  last-nameil 
Bait  may  be  due  to  tho  predis[)osing  affinity  of  tho  alcohol  for  it;  but  the 
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Liglier  torapcmtnro  produced  by  Ijoiling  with  alfoliol  may  also  contribute 
towards  the  result. 

While  sulphiit<?  r^f  soda  and  chloride  of  calcinm  dls-solved  in  water  are 
reiiolved  by  miHual  decomposition  into  chloride  of  sodium  and  precipi- 
tated sulphate  of  lime,  nti  aqueous  solution  of  common  ealt  and  sulpbate 
of  lime  evaporated  to  dryness,  or  a  pulverized  mixture  of  the  two  salts 
moistened  with  a  large  riuantity  of  water  and  then  dried,  yields  cbloride 
of  cakium  when  digested  iu  boiling  alcohol,  while  sulphate  of  soda  may 
be  extracted  from  the  residue  by  water.  {Sck  J)0,  substituting  Ca  fur  Mg,) 
Unless  the  mixture  of  the  two  salts  be  moistened  with  water  and  theu 
dried,  no  chloride  of  calcium  will  be  extracted  from  it  hy  alcohol  (Dobe- 
reiuer,  J,  pi\  Chem,  1,  112).  The  reversing  of  the  affinity  is  perhaps 
prmluced  hy  the  alcohol;  possibly  however,  as  Dubereiner  supposes,  the 
alhnity  of  sulphate  of  lime  for  sulphate  of  toda  (a  comhination  of  the 
two  Baits  occurs  in  uatnre  formiug  the  mineral  called  Glauberite,)  may 
cause  the  formation  of  a  email  riuantity  of  the  double  salt.  By  melting 
the  two  salts  together  in  espial  numhers  of  atoms,  we  obtain  a  bard  vmem, 
which  becomes  soft  and  afterwards  moist  by  exposure  to  the  air,  and  con- 
aetjuently  contains  a  small  t|uantity  of  chloride  of  calcium.  These  tvo 
facta  serve  to  show  bow  it  happens  that  in  analyses  of  mineral  watem, 
when  the  residue  afttr  evaporation  is  boiled  in  alcohulj  chloricle  of  mag- 
ne.siunt  or  chloride  of  calcium  and  sulphate  of  soda  are  frequently  ob- 
tained, though  these  fluhatauces  undouhtwlly  existed  in  the  water  as  gul- 
jihate  <if  lime  or  magneRia  and  chloride  of  sodium. 

If  1  part  of  carhonate  of  potu^'ih  be  dissolved  in  at  least  10  parts  of 
water,  and  the  solution  shaken  up  with  lime,  the  carbonic  acid  is  taken 
up  hy  t!(e  lime:  with  4  parta  nf  water  however  no  decomposition  takes 
place :  f»n  the  contrary,  a  strong  solution  of  caustic  potash  takes  carbonic 
acid  from  carbonate  of  bme  (Licbig,  Pw/f/.  24,  3 1? 5).  The  affinity  of 
potash  for  carbonic  acid  is  probably  greater  than  that  of  lime;  but  when 
the  quantity  of  water  ia  increased,  the  affinity  of  that  ll»|uid  for  potash 
perhaps  increases  more  rapidly  than  its  affinity  for  carbonate  of  potash, 
and  thus  the  first -mentioned  result  is  hronght  about. 

Aqueous  sulphurous  acid  dissolves  iodine,  foruiing  a  mixture  of  snl- 
]>huric  and  hyilriodic  acids;  but  if  the  quantity  of  water  in  the  solution 
he  diminished  bjevapomttou,  sulphurous  acid  is  evolved  and  hydriodic 
acid  containing  iodine  in  solution  is  left  behind.  Similarly,  Cfmcenirated 
sulpluiric  acid  and  hytlriodic  acid  are  resolved  into  sulphurouef  acid  and 
iodine  {Sck.  91).  bicnce  the  affinity  of  water  for  sulphuric  and  hydrio- 
dic acids  gives  rise  to  their  formation. 

The  following  experiment  of  Chevreul  alrto  eihows  the  influence  of  the 
s^olvent.  ExcesJ^  of  water  abstracts  half  the  potai<h  from  neutral  stearato 
of  potash,  aud  forms  hi-stearate  of  potash.  ICther  dissolves  stearic  acid 
from  neutral  stearate  of  potash,  and  separates  a  compound  of  stearic  acid 
with  excess  of  potash.  Water  has  a  more  especial  atlinity  for  potash, 
and  ether  for  stearic  acid. 

3.  Diference  of  temperature  may  give  rise  to  reciprocal  affinity  iit 
two  ways: 

a.  At  higli  temperatures,  the  affinity  of  heat  for  that  substance  sim- 
ple or  compound  which  is  most  disposed  to  form  a  gaseous  compound  with 
it,  often  comes  into  play  and  determines  the  result.  Heat,  in  such  caaea, 
acts  like  a  fourth  bocly  introduced. 

Peroxide  of  uiauganese  mixed  with  hydrochloric  acid  at  ordinary  or 
slightly  elevated  temperatures,  gives  up  iti  second  atom  of  oxygen  to"^  the 
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bydrogefi  of  the  aciil,  ko  tbat  water,  cliloriiie,  and  eblornle  of  niangiiiiese 
or  bydruchlorate  i^f  protoxide  of  nian^nese  arc  prorliiecil.  {*Sc/t,  (>4,  73.) 
If  on  tlio  otlier  Lanri  eliloniie  gas  be  exposed  to  Itglit  or  to  a  red  heat  m 
contact  with  water,  liydroebloric  acid  h  formed  and  oxy^n  gm  evolved. 
At  one  time  tben?fore  oxygen  {in  jieroxide  of  manganeijo)  takes  hydrogen 
from  bydrocbloric  acid,  sjctting  clilorine  free;  at  anutber,  cbloriiie  takes 
bydrugea  from  water  and  evolves  oxygen  gaa.  We  may  with  probability 
>juppi»3e  tbat  tbe  afhiiity  of  oxygen  fur  hydrogen  is  greater  than  tbat  of 
ehlorine;  on  thii^  bypothesis  the  explanation  of  the  first  ctL?e  is  evident. 
On  the  other  band,  heat  ha?*  a  greater  affinity  for  oxygen  than  for  chlorine; 
for  chlortne  gas  has  been  lir^uefied  by  strong  presisn re,— which  oxygen  baa 
iiot»  When  therefore  beat  acts  with  great  intensity,  its  nifinity  for  oxy- 
gen +  tbat  of  cblorine  for  hydrogen  effects  tbe  decompobitjon  of  M*nter. 

Potassium  at  a  red  beat  decomposes  black  oxide  of  iron  forming 
pota.sb  and  metallic  iron:  at  a  white  heat  on  tbe  contrary  potasb  is  de- 
composed by  metallic  iron,  the  products  being  black  oxide  of  iron  and 
vapour  of  potassium.  In  this  case  it  mnst  be  supposed  tbat  the  aftinity 
of  pota,ssium  for  oxygen  is  greater  than  lliat  of  iron;  nevertbeless,  at  a 
white  heat  the  affinity  of  beat  for  potassium,  with  which  it  combines 
and  forms  a  vapour,  comes  into  play  and  determines  tbe  rosnlt. 

At  a  red  beat  j^otassium  decomposes  carbonic  oxide^  forming  potasb 
and  charcoal;  at  a  low  white  beat  charcoal  deeonipose.s  potasb^  producing 
carbonic  oxide  gas  and  potassinra  vapour.  (J^'ck.  6,  suh&iitutlnff  K  for  Zn.) 
In  the  latter  case,  the  weaker  affinity  of  carbon  for  oxygen  ifi  assisted  by 
that  of  heat  for  carbonic  oxide  and  potassium. 

When  potaab  (or  Moda)  is  in  combination  with  phosphoric  acid,  horaeic 
acid,  or  silica,  sul|iburic  acid  will  separate  those  substances  at  ordinary 
tcmperatiirefi  and  combine  with  the  potash  by  virtue  of  ita  greater  atti- 
nity.  If  on  the  contrary  sulphate  of  potasb  be  ignited  in  contact  with 
jdiospboric  acid,  boraeic  acid,  or  silica,  these  acids  will  take  bold  of  the 
potasb  and  sejmrate  the  sulphuric  acid  in  tbe  state  of  vapour.  In  this 
ease  it  is  tbe  affinity  of  heat  for  the  volatile  sulphuric  acid^  with  which  it 
forms  a  vapour,  tbat  enables  tbe  much  weaker  affinity  of  the  above-men- 
tioned acids  for  potsisb  to  gain  tbe  ma^stery. 

Wlien  carbonate  of  ammonia  is  added  to  an  aqueous  solution  of  nitrate 
of  lime,  nitrate  of  ninmonia  and  precipitated  carbonate  of  lime  are 
formeil.  But  when  a  mixture  of  nitrate  of  ammonia  and  carbonate  of 
lime  is  heated  above  100^  C.  carbonate  of  ammonta  volatilizes  and  nitrate 
of  lime  remains.  (Sch,  !I2.)  Hero  the  result  is  detennined  by  tbe  affinity 
of  beat  for  the  volatile  carbonate  of  ammonia.  Similar  relations  are  ex- 
hibited l>etweeu  carbonate  of  ammonia  and  chloride  of  calcium  in  tbe 
cold,  and  between  sal-ammoniac  and  carbonate  of  lime  at  a  higher  tern- 
t>erature.  For  a  similar  reason,  borate  of  ammonia  and  common  salt  act 
upon  each  other  only  at  a  high  temperaturCj  evolving  Bal-ammoniae  in 
the  state  of  vapour* 

To  tbe  same  category  may  also  be  assigned  tbe  following  facts,  so  far 
as  tbey  may  prove  to  be  correct.  When  snlpburic  acid  acts  upon  zinc 
nnder  the  ordinary  pressure  of  the  atmosphere,  sulphate  of  zinc  and 
by  d  roge  n  gas  are  c  v  (d  v  ed  {ScK  1 7  ) ;  b  at  a  ceo  rd  in  g  t  o  B  abi  n  e  t  ( A  a  « .  Ch  im . 
Phys.  37,  lt<3;  also  /V/^.  12,  623)  this  decomposition  ceases  when  the 
process  is  conducted  in  a  strong  copper  vessel  closed  by  a  stop  cock,  as 
soon  as  tbe  di^cu gaged  hydrogen  gas  has  attained  a  certain  pressure;  at 
10**  C,  tbe  decomposition  and  evolution  of  gas  cease  when  the  gas  presses 
with  a  force  of  13  atmospheres;  at  25"*,  when  the  pre-sure  amounts  to  33 
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atmospberea.  This  seeraa  to  show  that  the  affinity  of  zinc  for  oxygen  . 
that  of  sulphuric  acid  for  oxide  of  zinc  ia  \esa  than  the  affinity  of  hydro- 
gen for  oxygen  —  that  of  aulpharic  acid  for  water,  and  therefore  the  de- 
composition does  liot  take  place  under  strong  pressure; — but  at  lower 
pre^i^ures,  when  the  affinity  of  heat  for  hydrogen,  with  which  it  forma  a 

fi9i  likewiise  comes  into  play,  the  action  goes  on.  On  the  contrary, 
araday  has  observed  (Qu.  J,  of  Sc,  3,  474)  that  at  this  increaaed  pres- 
enre,  the  decom position  ia  not  arrested  but  merely  retarded,  becanse  the 
effervescenco  ceases  and  with  it  tbe  motion  of  tlio  liquid,  by  which  the 
chemical  action  is  niaterially  assistcil.  I  have  aUo  obtained  the  follow- 
ing results  at  a  summer  heat  of  from  20^  to  30^  C.  (G8''  to  8G^  Fah.), 
nemg  very  thick  and  narrow  glasd  tubes  5  inches  in  length*  On  filling 
the  tubo  I  full  of  moderately  strong  hydrochloric  acid,  introducing  a 
piece  of  zinc  ju^t  above  the  acid,  sealing  the  tulje,  and  laying  it  in  a  hori- 
lontal  position,  it  burst  after  four  hours  with  a  violent  cxploeion.  Now 
since  a  tube  of  equal  stren-.'^th  h  capable  of  holding  liquid  carbonic  acid  at 
25''  C.  wiihout  bursting,  and  the  ela^sticity  of  carbonic  acid  at  that  tem- 
perature amounts  to  50  atmospherei§i  that  of  the  hydrogen  gaa  in  the 
experiment  j net  described  must  have  exceeded  50  atmoapherea.  When 
a  similar  experiment  is  made  with  a  mixture  of  1  part  of  oil  of  vitriol 
and  8  of  water,  the  tube  doe^  not  bur.'^t  even  when  left  in  the  horiiontal 
position  for  several  wrecks  and  placed  upright  every  diky.  On  cutting  off 
the  end,  the  gas  escapea  with  a  slight  detonation  without  bursting  the 
tube,  and  the  acid  is  found  to  be  nearly  saturated  with  zinc.  This  seems 
to  Hhow  that  the  decomposition  in  not  arrested  by  strong  pressure  but  only 
retarded. 

The  folk^wing  experiment  (recorded  in  Berzeliuw's  Lthrhuch,  5,  9)  is 
also  connected  with  tbi*?  matter.  When  pieces  of  carbonate  of  lime  ar0 
placed  in  a  strong  glass  vetfgel,  a  somewhat  dilute  acid  poured  upon  them, 
and  the  v easel  closed  air-tightj  the  solution  ceases  after  a  time,  and  tho 
lime  is  no  longer  attacked  for  whatever  length  of  time  it  may  be  left  in 
the  acid;  but  on  opening  the  vesbol  the  lime  is  in  a  few  niinutes  cora- 
plotely  dissolved.  From  this  it  might  be  inferred  that  the  affinity  of  car- 
bonic acid  for  lime  is  greater  than  that  of  sulphuric,  nitric,  or  hydrochlo- 
ric acid,  that  these  acids  decompose  carbonate  of  lime  only  under  com- 
{jarativoly  small  pressure,  when  tbe  action  is  assisted  by  the  affinity  of 
ieat  for  carbonic  acid  with  'which  it  forms  a  eas, — that  at  strong  pressures, 
on  the  eontniry,  carbonic  acid  would  expel  these  acids  from  their  combi- 
nati(»n3  with  ifme.  (*SVA>  12.)  But  hydrochloric  acid  of  moderate  strength 
exhibits  a  dii^erent  relation  from  this,  at  least  according  to  my  experi- 
ments, A  quantity  of  acid  like  that  above  mentioned  having  been  sealed 
up  in  a  tube  together  with  an  excess  of  calcspar,  the  tube  laid  horizon- 
tally but  turned  upright  every  day  in  order  to  renew  the  points  of  con- 
tact, the  liquid  wii^  found  after  14  days  to  be  covered  with  a  highly  move- 
able film  of  liquid  carbonic  acid,  2  lines  in  thickness*  On  cutting  otT  the 
point,  tbe  upper  half  of  tbe  tube  burst  with  a  loud  report,  and  the 
remaining  liquid  w^as  neutral  to  litmus-paper.  This  experiment  shows 
that  hydrochloric  acid  decomposes  carbonate  of  lime  even  under  a  pres- 
sure at  wliich  carbonic  acid  becomes  liquid,  and  therefore  that  the 
affinity  of  hydrochloric  acid  for  lime  is  greater  than  that  of  carbonic 
acid. 

L««tly,  with  reference  to  this  subject,  we  may  meutioe  an  experiment 
of  Petzhold  {J.  pi\  Vhem.  17,  4C4),  according  to  which  pulverized  quartz 
lieated  to  whiteuests  in  an  op^ja  vessel  with  an  equal  weight  of  carhonate 
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of  lime  expels  the  carbonic  acid,  but  produces  no  snch  effect  wlieii  the 
raTxture  is  heated  in  a  fltrong  closed  iron  vessel  In  this  ease,  it  may 
with  great  probability  he  supposed  that  the  affinity  of  mJica  for  lime  ia 
weaker  than  thai  of  carhonic  acid,  and  that  the  formation  of  silicate  of 
lime  takes  place  only  when  the  action  h  osaisted  by  the  affinity  of  heat 
for  carbonic  acid. 

k  In  other  cases,  difference  of  temperature  appears  to  modify  the  re- 
sult in  COD  sequence  of  the  cohesion  (or  affinity?)  of  bodies  increasing  and 
diminishing  in  different  degrees  at  lower  and  higher  temperatures, — and 
here  in  particular  Berth  ollet^s  law  regarding  the  decomposition  of  salts 
by  double  affinity  finds  lis  application. 

A  solution  of  common  salt  and  sulphate  of  magnesia  evaporated  at 
ordinary  temperatures,  or  a  little  aboye,  allows  both  salts  to  crystallize 
out  unaltered  (page  127);  but  at  0^  C,  or  at  lower  temperatures,  as  was 
long  ago  observed  by  Scheele,  hydratod  sulphate  of  soda  crystallizes  out 
and  the  solution  retains  chloride  of  magnesium;  on  gently  warming  tlie 
whole,  common  salt  and  sulphate  of  magnesia  are  again  obtained.  But 
above  50^  C.  (122^  Fahj  the  solution  again  deposits  sulphate  of  soda, 
though  in  the  anhydrous  stnte.  (H.  Rose,  Po^g,  35,  180.)  These  results 
raay  be  explained  by  the  different  solubility  of  sulphate  of  soda  at  dif- 
ferent temperatures:  at  0'  C.  one  part  of  sulphate  of  soda  requires  8 "2 
parts  of  water  to  dissolve  it,  at  33°  the  smallest  quantity,  viz.  0*33,  and 
at  50-4^  again  0*38  parts.  Below  O'^  and  above  50^  the  solubility  must 
be  considerably  less.  Since  now,  according  to  Berthollet's  law,  the  least 
soluble  salt  is  always  produced,  sulphate  of  soda  separates  both  below  0** 
and  above  50^  becxiusc  at  these  extremes  of  temperature  hs  solubility  is 
less  than  that  of  common  salt  or  sulphate  of  magnesia;  at  me<lium  tem« 
peraturesj  on  the  contrary,  at  which  sulphate  of  soda  is  more  soluble  than 
common  salt  or  sulphate  of  magnesia,  these  salts  remain  nnaltered. 

In  a  similar  manner,  sulphate  of  soda  and  chloride  of  potassium  dis- 
solved together  in  water  resolve  themselvew,  at  ordinary  temperatures, 
into  sulphate  of  potash  and  chloride  of  sodium,  whereas,  according  to 
Hahnemann  and  Eichter  (St'och,  2^  224)  a  solution  of  the  lost-named  salts 
at  —  SO"*  C  (  — 4^  Fah.)  deposits  sulphato  of  soda.  At  ordinary  tempe- 
ratures sulphate  of  potash,  at  low  temperatures  sulphate  of  soda  is  the 
less  soluble  salt.  According  to  Constantini,  alum  and  common  salt  yield 
crystals  of  Glauber's  salt  at  freezing  temperatures,  and  according  to 
Hahnemann,  Glaubers  salt  crystallizes  at  very  low  temperatures,  even 
from  a  mixture  of  saturated  solutions  of  g3rp8um  and  common  salt. 

The  explanation  of  the  following  ea^cs^by  supposing  a  dispropor- 
tionate alteration  of  cohesion  to  be  produced  by  change  of  temperature-^ 
is  not  quite  so  satisfactory. 

An  aqueons  solution  of  sulphate  of  lime  gives  with  chloride  of  barium 
a  precipitate  of  sulphate  of  baryta,  while  eld o ride  of  calcium  remains  in 


aolution.  {»Sch. 


If,  on  the  other  band,  chloride  of  calcium  be  fused 


nth  sulphate  of  baryta,  a  mixture  of  sulphate  of  lime  and  chloride  of 
barium  is  formed,  the  latter  of  which  may  be  removed  by  rapidly  boiling 
the  powdered  mass  in  water  and  filtering;  hut  by  longer  standing  under 
water  the  whole  would  again  he  converted  into  sulphate  of  baryta  and 
chloride  of  calcium.  Does  the  affinity  of  water  for  chloride  of  calcium 
contribute  to  this  result? 

Sulphate  of  baryta  is  decomposed  both  by  fusion  with  carbonate  of 
soda  and  by  boiling  with  the  aqueous  solution  of  that  salt  (though  but 
imp6rfoctly)i  yielding  carbonate  of  bt^yta  atid  sulphate  uf  soda :  on  tho 
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coiitrnry,  ft.^  Ktilroulor  lias  shown,  carbonate  of  baryta  is  decomposed  by 
digf^stion  witli  tiiilijliate  of  eoda  at  ordinary  temperatures,  the  producte 
bmn^  Hulpliate  of  baryta  and  carbonate  of  soda, 

A  dilute  sohition  of  nitrate  of  lime  remains  clear  wLen  mixed  witb  s 
solution  of  fiulpliate  of  soda,  but  deposits  sulphate  of  lime  when  warmed, 
(Portoz.) 

A  solution  of  alum  doen  not  become  turbid  wben  mixed  with  very 
small  quan lilies  of  carbonate  of  lime  or  soda,  but  on  evaporation  at  a 
gentle  heat»  yields  crystals  of  cubic  alum.  But  when  more  fit ro ugly 
Ijeated,  the  solution  becomes  turbid  and  deposits  basic  sulpliate  of  ala- 
mina  wbleb  redi&sulvofi  m  the  aoluliou  coob. 

A  solution  of  pure  acetate  of  alumina  does  not  become  turbid  on 
boating,  but  undergoes  that  change  if  it  contains  sulphate  of  ammonia, 
potaali,  8oda,  or  magnesia  ;  a  fainter  turbidity  is  produced  by  the  adtlitlon 
of  nitrate  of  potash,  none  by  the  addition  of  nitrate  or  aeeUite  of  barytA, 
chloride  of  calcium,  or  acetate  of  lead.  The  precipitate  which  consists  of 
hydrate  of  alumina  disappears  when  the  solution  is  cooled,  and  appears 
again  on  beating.  (Guy-Lnssac,  Ann.  Chim,  74,  193,  also  Schw,  5,  49; 
further,  Aim.  Chim.  Phf»,  6,  201,  also  Schiv.  21,  D6.) 

Persulphate  of  iron  mixed  with  acetate  of  potash  deposits  hydrated 
peroxide  of  iron  on  boiling. 

An  aqueous  mixture  of  borate  of  soda  and  sulphate  of  magnesia  yields, 
iiu  application  of  heat,  a  precipitate  of  borate  of  magnesia^  which  however 
dittappears  each  time  on  cooling* 

Alct4illie  silver  takes  oxygen  from  persulphate  of  iron  dlssalred  in 
waten  when  boiled  in  the  liquid,  so  that  a  solution  is  formed  containing 
sulpbato  of  silver  and  protosulpbale  of  iron  ;  but  on  cooling,  all  the  silver 
is  repreci  pita  ted  in  the  metallic  state,  and  the  solution  once  more  contains 
eulpliatc  of  peroxide  of  iron.  (.Vc/i.  f>4,) 

In  many  other  cases  the  occurrence  of  reciprocal  affinity  is  only 
apparent. 

When  ammonia  is  added  to  neutral  sulphate  (nitrate  or  bydrocblo- 
rate)  of  magneaia,  it  is  taken  up  and  magnesia  precipitated;  on  the  other 
band,  ma;(oeBia  expels  ammonia  from  the  neutral  sulphate  (nitrate  or 
hydro  chlorate)  of  ammonia  and  is  itself  dissolved.  In  both  cases  how- 
ever the  decomposition  is  only  half  complete,  in  whatever  excess  the 
ammonia  or  magnesia  may  be  added.  In  the  first  case,  half  of  the  sul- 
phate uf  njngneHTa  remains  undecomposcd  and  unites  with  the  sulphate  of 
ammonia  in  the  form  of  a  double  salt  containing  2  atoms  of  i^ulpbnric 
acid,  1  atom  of  ammonia,  and  1  atom  of  magnesia;  in  the  second,  half  of 
the  ammoniacal  salt  remains  nndecom posed,  and  fonns  the  same  double 
aalt  witb  the  sulphate  of  magnesia  produced.  {Sch.  25  and  9{J,) 

Nitric  acid  added  to  chloride  of  potassium  furms  nitrate  of  potash, 
and  sets  hydrochloric  acid  free  ;  on  the  other  hand,  nitrate  of  potash  is 
converted  by  excess  of  hydrochloric  acid  into  chloride  of  pota&sium.  The 
affinity  of  potassium  for  oxygen  +  that  of  chlorine  for  hydrogen  +  that 
of  nitric  acid  fctr  potfish  is  undoubtedly  greater  than  the  affinity  of  potaa- 
sinm  for  chlorine  +  that  of  hydrogen  for  oxygen;  and  thus  the  tirst  case 
exphiins  itself,  {Sck.  97,)  If*  on  the  contrary,  nitrate  of  potash  is  to  be 
converted  by  hydrochloric  acid  into  cldoride  of  potassium,  a  great  excess 
of  the  acid  must  be  nssed  and  heat  be  applied:  moreover  the  excess  of 
hydrochloric  acid  does  not  expel  the  nitric  acid  in  its  unaltered  state,  but 
the  two  together  are  resolved  into  hyponitric  acid  (N  0*),  chlorine^  and 
water.  (*yc/^  9^0     Thus  it  is  not  nitric  acid  but  the  niuch  weaker  hypo- 
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nitric  acid  tliat  h  driven  out  l^y  the  Ljdrocliloric  aeid*  Nitric  acid  <5epa- 
rates  argeiiiotia  acid  from  an  aqueous  sohition  of  arsenite  of  potash;  tut 
when  nitrate  of  potasli  h  ignited  in  contuct  with  arsenious  acid,  uitrotia 
a<:id  is  evolved  and  arseniate  of  potash  formed.  In  this  ease,  the  stronger 
nitric  acid  is  converted  hy  loss  of  oxygen  into  the  weaker  nitrous  acid, 
while  on  the  contrary,  the  weaker  arscnious  acid  is  liy  accents  of  oxygen 
converted  into  the  stronger  arsenic  acid.  The  affinity  of  arson  ions  acid 
for  oxygen  -f  that  of  arsenic  acid  for  potash  overcomes  the  affinity  of 
nitrous  acid  for  oxygen  +  that  of  nitric  acid  for  potasli,  {Sch.  f)9.) 

The  existence  of  reciprocal  affinity  has  also  been  inferred  from  the 
fact  that  certain  salts,  which  when  dissolved  in  a  small  cjuantity  of  water 
decompose  one  another  by  double  affinity,  producing  a  precipitate  of  a 
difficultly  soluble  salt,  give  no  precipitate  in  more  dilute  solutions,— 
although  the  quantity  of  water  present  would  not  be  sufficient  to  hold  in 
solution  the  less  soluble  .salt  which  maybe  produced  by  the  decomposition, 
if  it  existed  in  the  separate  state.  For  example,  sulphate  of  lime  requires 
about  4P0  parts  of  water  to  dissolve  it;  but  cldorido  of  calciunij  dissolved 
in  about  200  parts  of  water  (which  would  produce  more  than  an  equal 
quantity  of  sulphate  of  lime)  gives  no  precipitate  with  sulphate  of  potash. 
Many  chemists  conclude  from  this  that  when  thiij  large  quantity  of 
water  is  present,  the  chloride  of  calcium  is  not  decomposed  by  the  sul- 
phate of  potash,  since  if  sulphate  of  lime  were  formed,  more  than  half  of 
it  would  be  precipitated.  But  it  is  simpler  to  suppose  that  the  formation 
of  sulphate  of  lime  takes  place  even  in  this  case,  but  that  the  presence  of 
the  chloride  of  potassium,  which  is  formed  at  the  same  time,  renders  it 
more  soluble  thau  it  otherwise  would  be.  Similarly,  it  was  long  since 
observed  by  Guyton-Morveau  that  lime-water  rendered  turbid  by  passing 
carbonic  acid  gas  through  it  becomes  clear  again  on  the  addition  of 
Bulphate  of  jmtaeh  or  chloride  of  potassium,  as  if  the  presence  of  these 
eaits  rendered  the  carbonate  of  lime  more  soluble:  and  Karsten  {Schrift, 
cf.  Berl.  Akad.f  1841)  ha?^  shown  that  many  easily  soluble  salts  are  ren- 
dered more  soluble  by  the  addition  of  other  salts.  These  mutual  affinities 
of  salts,  and  the  greater  solubility  in  water  thereby  protluced,  explain 
the  occurrence  of  carbonate  and  sulphate  of  lime,  carbonate  of  magnesia, 
&c.,  in  mineral  waters^  in  quantities  greater  than  pure  water  could  dia- 
eolve;  so  that  this  phenomenon  by  no  means  renders  it  necessary  to  sup- 
pose that  such  waters  contain  salts  which  are  incompatible  with  each 
other,  i.  e.,  which  at  the  given  temperature  would  decompose  one  another 
and  form  a  precipitate,  if  the  quantity  of  water  present  were  smaller, 
Comp,  Berthollet  {Staiiqm  Chim.,  \,  103,  and  120);  Braudes  {Schiv.  43. 
153;  46,  433.) 

Many  other  facte  relating  to  the  theory  of  reciprocal  affinity  but 
requiring  more  accurate  investigation  may  be  found  in  Scheele  (Optmc.  1, 
223):  Grotthuss  (Scher,  ^\  BL  275)  i  N.  Fischer  {Pi^jg.  7,  263):  Ber- 
thollet {Statiquf  Chim,  1,  81.  m,  100,  401)  and  Dulong  {Atui.  Chim.  82, 
273,  also  Schii\  5,  309).  In  the  experiments  of  the  last-named  philoso- 
pher on  the  decomposition  of  insoluble  by  soluble  salts,  variation  of  tem- 
perature, whicli  might  have  produced  opposite  results>  does  not  aeem  to 
have  been  sutlieiently  attended  to. 


2.  Circumstances  and  Besnlts  of  Dtcompontion. 

a.  Cham^e  of  ttmpcnUure.     Since  heat  is  generally  set  free  in  the 
combination  of  bodies,  an  equal  quantity  of  heat  must  also  become  latent 
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at  tbeir  clecomposttion*     Nevertheless  most  decoinpoaittons  are 
panicd  by  riae  of  temperature  ftometiraed  amounting  to  tlie  moat  ?ivid 
oombuation.     With  reierence  to  this  matter  the  following  caseg  must  be 
diitinguished ; — 

m.  When  i^eroiifle  of  hjdrogen  is  decompoeed  hj  heat  or  by  the 
contact  of  pulverised  bodies  into  water  and  oxygen  ga«,  a  great  cfeal  of 
heat  and  even  light  ia  developed,  notwithstanding  that  a  considerable 
quantity  must  be  rendered  ktent  in  the  formation  of  the  ^as.  This 
remarkable  instance  leads  us  to  sappose  that  in  the  formation  of  this  yery 
loosely  unite*]  compound  heat  is  not  set  free  but  rendered  latent,  that  in 
fact  oxygen  gm  +  heat  enters  into  combination  with  the  water, — A 
similar  constitution  may  exist  in  certain  metallic  bromates  which  when 
heated  are  resolved  with  sudden  incandescence  into  a  metallic  bromide  and 
oxyjsren. 

jS.  When  bodies  separate  in  the  »olid  fonn  from  their  solution  in  ft 
li<]uid  or  a  gas,  in  consequence  of  their  cohesion  being  increased  by 
cooling,  a  development  of  heat  takes  place,  the  heat  of  fluidity  which  the 
bodies  had  previously  absorbed  in  the  act  of  solution  being  set  free* 

y.  Mo8t  decompositions  take  place  in  consequence  of  weaker  affinities 
being  overcome  by  stronger  ones.  Now  even  if  heat  be  rendered  latent 
by  the  destruction  of  the  compounds  produced  by  the  weaker  quieicent 
affinities,  a  still  greater  quantity  inu^t  nevertheless  be  set  free  in  cense- 
quence  of  the  neutraliKalionof  the  Btronger  decompoeing  affinities,  and  the 
rise  of  temperature  atti^nding  the  decomposition  marks  the  difference 
between  these  two  quantities  of  beat. — If  A  develope  a  quantity  of  heat 
^  2  in  combining  with  B,  fuid  =  3  in  combining  with  C,  then  in  the 
decompt>sitiou  of  A  B  and  formation  of  A  C,  a  quantity  of  heat  must  be 
developed  =  3  —  2  =:  1» 

Lowering  of  Teniperature  takes  place  when  ^»aseeo8  products  of  decom- 
position are  evolved  from  solid  or  liquid  compounfb,  and  the  absorption 
of  heat  thereby  produced  i^  not  compenaaled  by  a  development  of  heat 
resulting  from  the  formation  of  new  compounds, — The  escape  of  carbonic 
acid  gas  from  water  charged  with  it,  on  diminishing  thepressnre,  ia  accom- 
panied by  diminution  of  temppnUure;  on  the  contrary,  when  this  mut  is 
disengaged  from  a  solution  of  carbonate  of  soda  by  the  a<iditioa  o?  sul- 
phuric acifl,  a  slight  rise  of  temperature  is  produced. 

[On  the  development  of  Electricity  by  chemical  decompoeitioD,  rid, 

k  The  time  in  which  decomposition  takes  place  depends  chiefly  on 
the  circumstanees  uoticed  on  page  39.  If  one  of  the  products  of  decom- 
position 18  gaseous  and  htm  to  make  ii^  escape  from  a  liquid,  the  decom- 
position is  accelerated  by  the  presence  of  angular  bodie»- 

c.  Qualitative  allemiion.  Every  decompo.^ition  results  in  tho  produc- 
tion of  at  least  two  heterogeneous  substances  or  products  of  decomposition, 
which  may  be  either  solid,  liquid  or  gaseous,  and — m  long  as  they  do  not 
separate  by  virtue  of  thoir  different  specific  gravities — produce  a  cloudy, 
opaque  mixture. 

If  the  decomposition  is  attended  with  the  formation  of  gaseous  pro- 
ducts, effervescence  and  exiilosion  may  ensue. — ^fej^i^cscfjice  or frotkrn^  is 
produced  when  a  gaseous  body  is  c^sntinually  developed  and  rises  up  in 
bubbles  during  the  deoomposition  of  a  liquid; — Carbi>nate  of  potash  and 
sulphuric  acid. 

kin  Safplotion,  DHonmum  (or  Puffing,  when  the  noise  is  fainter)  a 
KHia  prodnot  ol  decompofttion  (or  seToral)  \b  sepan^ted  almt^st  iHBtantljr 
t^ ^ 
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from  a  eolid  {e,ff,  fultniimtiner  f^ilver),  a  liquid  (cliloride  of  nitrogen)  or  a 
ga«  (oxitle  of  clilonne)^ — and  in  endearonrin^  to  expand  it«clf  into  the  rauek 
larger  voltime  forreepomlm;j  to  its  eltisticity  (often  ^^rctitly  incr«?ased  by 
n&e  of  temperature)  foreitily  preBsea  baek  tfje  air  and  other  object**,  pro- 
diifing  detonation  and  breaking  the  solid  bodies  in  its  neighbourhood,^ — 
Even  gaseous  compounds,  eucli  aa  oxide  of  chlorine,  may  be  decomposed 
with  explomon,  if  the  separated  elements,  gtich  aa  chlorine  and  oxy^n 
gases,  take  np  a  larger  volume  than  that  occupied  by  the  compounds— 
The  produetion  of  light  whieh  accompanies  so  many  of  these  exploi^ious 
often  proceeds  from  this  circnin^tancCj— that  ju'reat  heat  is  developed 
in  the  decomposition  in  consequence  of  the  forniation  of  more  intimate 
compounds,  as  in  the  explosion  of  gunpowder^  detonating  powder,  <l'c.  and 
this  higher  teinpeniture  imparts  to  the  gases  and  vapours  at  the  moment 
of  I  heir  production  a  proportionately  increased  elasticity,  and  thereby 
strengthens  the  explosion.  In  the  decomyiosition  of  oxide  of  chlorine, 
chloride  of  nitrogen,  iodide  of  nitrogen,  ic.^  which  appears  not  to  bo 
attended  with  a  rif^e  of  temperature  amounting  to  ignition ^  the  develop- 
ment of  light  may  perhaps  be  explained  by  the  violent  compression  of  the 
air  around  the  exploding  body.— The  tfieory  of  the  detouatioii  of  an 
explosive  mixture  propounded  by  Brianchon  {BibL  univ.  28,  fif>3)  has 
been  shown  by  Gay-Lussac  {Ann.  Chim.  PInjB.  20,  53)  to  l>e  untenable. 
E.  Bottger  hai  also  shown  {Ann.  Phann,  29,  75)  that  t!io  explosiye  force 
of  fulminating  silver  is  e*iually  strong  in  all  directions. 

When  seTeral  liquid  products  result  from  a  decomposition,  they  form 
a  turbid  mixture,  until  they  have  taken  np  the  determinate  relative  posi- 
tiona  corresponding  to  tlioir  diflerent  specific  gravities: — Volatile  oil 
dissolveil  in  alcohol  with  water. 

When  in  the  decomposition  of  a  liquid  or  gaseous  body,  solid  products 
are  formed  and  sink  to  the  bottom  in  consequence  of  their  greater  specific 
gravity,  they  are  called  Prtdpitate$,  and  a  decomposition  of  this  kind  is 
called  Precipilatioji, — Spontaneous  Precipitalion,  {Prf^eipilaHo  fpo7itanea) 
when  the  separation  of  the  solid  body  takes  place  merely  from  change  of 
temperature  (page  113); — Forced  Precipitation,  {Prtrcipitatio  coarta)  when 
it  is  brought  about  by  the  addition  of  another  ponderable  bod^,  the 
Precipiiani  {Prcecipiimis),  If  the  solid  product  of  decomposition  is 
specifically  lighter  than  the  liquid,  it  is  separated  as  a  Scum  {Orevtor). — 
The  precipitate  and  the  Bcom  may  be  either  educts  or  product^. — Lime 
precipitate  from  lime-water  by  alcohol  is  an  educt;  oxalate  of  lime  pre- 
cipitated from  lime-water  by  oxalic  acid  is  a  product. 

The  atoms  of  the  solid  product  of  decomposition  unite  themselves  at 
the  moment  of  their  separation  or  formation  into  larger  masses,  which 
however  possess  varions  magnitudes  and  forms  depending  chiefly  on  the 
nature  of  the  bodies,  m  that  to  a  certain  extent  the  nature  of  the  precipi- 
tate may  be  inferred  from  its  outward  ai>peanince:  considerable  influence 
is  however  exerted  by  the  time  in  whii-h  the  precipitation  takes  place  and 
the  degree  of  dilution  of  the  liquid.  The  following  forms  of  precipitate* 
may  be  particularly  distinguished, — -and  of  these  the  first  two  must  be 
regarded  as  anarpnous,  the  others  as  crystalline:  Flocadent;  aggrega- 
tion in  large,  loose,  threadlike  maijses:  alumiua,  hydrated  peroxide  of 
iron,  phosphate  of  lime. — Vnrdy;  in  this  form  the  masses  arc  still  larger 
and  more  dense  and  solid,  but  still  uncrystalline:  chloride  of  silver  as  it 
is  preciuitated  from  solutions  of  silver-«dts  by  hydrochloric  acid;  casein 
as  precipitated  from  milk  by  an  ndd.-^Pttlvet*itl^m( :  the  atoms  are  united 
in  snudl,  imperfectly  cry  stafline  masses:  sulphate  of  baryta  as  precipitated 
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by  snlpbnrio  add  from  solntioiiB  of  burjrta-Mlte;  nlTer  M  pconpitaled  bj 
proto-anlpbate  of  iron  from  nitimto  <rf  mItw.  ■  OrmnmUtr;  eoftnuj  polTd- 
nilent  miiweii  baying  a  more  distinct  eiTBtalline  ebanotor:  aoMuite  of 
potasb  as  praoipitatM  by  solpborio  aoid  nom  aqnooos  aolnlkn  of  oaibo- 
nato  of  potasb. — Arhort9oent;  ibo  nnkm  of  a  great  nmnber  of  individaal 
oiystab  into  burger  ramified  masses:  wuiaUie  ire«$. 

y.  Haohxtudb  cm  Stbucob  of  AFFnarr. 


Tbere  most  exist  a  rebUion  inennesBible  in  nambers  between  the 
aagnitode  of  cbemioal  affinities  and  tboee  of  other  natnial  foiee%  snob  as 
gravitation,  adbesioa,  or  oobesion. 

AhioluU  Ureni^  qf  aJIntCy. — A  solution  <rf  nitre  satnvated  while  wann 
deposits  part  of  the  nitre  at  0^  on  aooonnt  of  increaring  eohesion.  Mow 
supposing  we  were  to  determine  what  snspended  wei^t  would  be 
required  to  break  a  crystal  of  nitre  of  a  giTon  thickness  at  €^;  then  this 
weigbt  would  express  the  affinity  of  the  water  saturated  with  nitre  ai  0^ 
for  more  nitre:  tor  after  the  cr^rstallisation  at  0^  bas  oeamd,  this  affinity 
is  in  equilibrio  with  tbe  oobeeion.  A  simibur  process  might  be  adopted 
with  other  bodies  soluble  in  water,  tbe  cobesion  bebg  always  detenmned 
with  reference  to  a  ciystal  of  giTon  thickness.  On  tbe  same  principle 
Lavoisier  and  Laplace  proposed  to  bring  an  acid  of  rarious  dyoes  of 
stren|ptb  into  contact  with  ice  at  diffinent  tempenOnres  below  0 » and  to 
enquire  at  what  degree  of  cold  and  at  what  dilution  the  acid  ceased  to 
exert  any  solrent  power  on  tbe  ice,  and  conseqnentlT  its  afflmity  fi»r  the 
ice  became  exactly  equal  in  force  to  the  cobesion  of  that  snbstance— and 
thus  to  reduce  the  affinity  of  the  acid  for  tbe  ice,  at  different  states  of  eon- 
centmtion,  to  de^roc^  of  the  thermometer.  A  similar  method  might  be 
adoptoil  with  various  salts  and  ice :  since  for  example  common  salt  ceases 
to  a*»t  on  ico  at  —200.,  but  chloride  of  calcium  not  till  —60°,  the 
affinity  of  the  latter  for  water  must  bo  much  neater  than  that  of  the 
former.  Rut  these  methods  only  enable  us  to  determine  the  weights  or 
degrees  of  tom|H>raturo  by  which  the  weakest  and  least  important  affinities 
may  bo  expressed.  All  affinities  which  have  any  considerable  value 
exceed  the  force  of  cohesion  to  such  a  de^ip^ee,  that  comparison  between 
the  two  nowers  becomes  impossible. 

For  tne  present  we  must  content  ourselves  with  an  approximate  deter- 
mination of  rrhtivf  ftfrnfrth  ofafinity,  i.  r.,  of  the  proportion  which  indi- 
vidual magnitudes  of  affinity  bear  to  one  another  without  reference  to 
other  natural  forces.  Perhaps  we  shall  some  day  be  able  to  affix  a  certain 
relative  number  to  each  particular  magnitude  of  affinity;  at  present,  how- 
ever, we  are  contented  if  we  can  determine,  with  some  degree  of  certainty, 
in  what  order  the  affinities  of  different  bodies  for  a  given  body  succeed 
one  another  with  regard  to  their  strength. 

Is  the  affinity  between  two  bodies  different  at  different  tempera- 
tures I  Just  as  heat  weakens  cobesion  by  striving  to  increase  the  dis- 
tance between  homogeneous  atoms,  so  likewise  it  may  diminish  the 
strength  of  affinity  by  increasins;  the  difference  between  heterogeneous 
atoms.  It  appears,  however,  that  as  long  as  the  action  of  heat  does 
not  go  so  far  as  to  form  a  gaseous  compound  with  one  of  tbe  bodies, 
— ^in  which  case  it  would  act  like  a  third  ponderable  body  in  undo- 
ing the  combination, — it  does  not  weaken  chemical  attraction,  probably 
because  in  a  combination  of  two  ponderable  bodies,  it  tends  to  increase  the 
distance  of  tbe  compound  atoms  only,  not  of  the  simple  ones  by  whoso 
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union  the  compound  atoms  arc  formcii  On  tbc  otber  band,  U  mlgbt  be 
inferred,  from  the  phenomena  mentioned  on  page  36  D,  that  elevation  of 
tcmpcratnro  increases  the  strength  of  affinity.  Wlicn.  for  example,  sul- 
phur combines  with  carbon  at  a  red  beat,  we  miti;ht  suppoec  that  tbo 
affinity  between  the  two  bodies  U  called  into  action  by  tht8  temperatnre, 
or  at  least  heightened  in  such  a  degree  as  to  be  able  to  overcome  the 
cohesion  of  carbon;  but  in  that  ca««  the  eulplmret  nf  carbon  ouglit»  on 
cooling,  when  tbo  affinity  i«  again  diminished  or  annihilated  and  tbc  cohe- 
sion 01  the  carbon  increased,  to  bo  again  re&olved  into  its  clement**  Snch^ 
however,  is  not  the  cns^o  either  with  this  or  with  any  other  of  the  more 
intimate  compounds,  and  llirrcft^re  the  affinity  between  such  bodies  exists 
even  in  the  cold, — and  treat  does  not  devclope  affinity  in  the  firai  iut^tanco, 
but  favours  tbc  exertion  of  it  in  a  manner  not  hitherto  exphiincd.  At 
present,  therefore,  there  la  no  ground  for  supposing  tbat  tlie  affinity  be- 
tween two  bodies  is  different  at  different  temperatures.  If,  indeed,  wo 
wouM  explain  Berthollet*s  law  of  double  affinity,  not  by  the  influence  of 
cohesion,  but  tm  the  supposition  that  out  of  a  number  of  possible  com- 
pounds tbose  actually  f**rnicd  are  always  the  most  intimate,  and  have 
likdwiee  llie  smallest  relative  solubility  (page  125) »  it  might,  perhaps,  be 
necessary  to  assume,  with  reference  to  the  reciprocal  affinity  between  com- 
mon salt  and  sulphate  of  nmgnesia,  for  example  (page  127),  that  the  mag- 
nitudes of  the  affinities  are  different  at  different  temperatures. 

Tbo  following  are  the  principal  methods  which  have  been  adopted  for 
the  determination  of  rtdativc  magnitudes  of  affinity. 

A.  Difference  of  magnitude  or  strength  of  affinity  is  determined  hy 
the  results  of  conflict  or  opposition  of  affinities,  on  the  principle  that  the 
decomposing  must  be  stronger  than  the  existing  or  quiescent  affinities. 

o,  Decompoiiiians  in  which  the  Afinity  of  Htat  contributes  to  the  HesuU, 
Many  combinations  of  ponderable  substances  are  decomposed  by  elc- 
%'ation  of  temperature,  one  of  tbo  ponderable  olonicnts  combining  with 
heat  and  forming  a  gaseous  compound.  The  affinity  of  heat  for  ponder- 
able bodies  must  be  supposed  to  increase  with  the  quantity  in  which  it  i» 
accumulated,  and  therefore  with  tbo  temperature ;  consequently^  the  tem- 
perature required  to  decompose  a  compound  of  a  less  volatile  with  a  more 
volatile  body  will  increase  with  the  atiinity  between  the  two.  According 
to  this,  the  strength  or  magnitude  of  the  alliivity  may  perhaps  he  found 
from  the  temperature  required  to  effect  the  decomposition  ; — the  boiling 
point  of  the  more  volatile  clonient  must,  however,  be  likewise  taken  into 
consideration. 

Iron  pyrites^  Fo  S*,  witcn  raised  to  a  moderate  red  beat^  which  may 
be  estimated  at  about  500°  C^  gives  off  vapour  of  sulphur,  and  is  cmi- 
verted  into  Fe^S";  at  a  stronger  red  heat  (perhaps  =  800''),  a  stilt  greater 

Quantity  of  sulphur  sublimes,  and  Fe  S  remains  behind.  Taking  Dumas' 
etermi nation  of  the  boiling  point  of  sulphur,  viz.,  410*',  and  supposing 
the  higher  degrees  of  temperature  (a  more  accurate  determination  of 
which  would,  however,  be  desirable)  to  be  correct,  the  affinity  of  FeS 
for  t!ie  quantity  of  sulphur  required  to  produce  Fe'  S^  may  be  expressed 
by  800  —  440  —  360,  and  that  of  Fc'  S"  for  as  much  sulphur  as  will  prr*- 
duce  FeS^  by  500  -  440  =  60.  Sulpburet  of  gold,  An  i>\  parts  with  all 
its  sulphur,  perhaps  at  about  450' j  if  so,  the  affinity  of  gold  for  sulphur 
will  be  expressed  by  450  —  440  =  10.  But  few  of  the  other  metallic 
aulpburets  are  decompose«l  by  heat;  whence  we  niay  conclude  that  the 
ntimber  which  would  express  the  affinity  of  these  metals  for  gulpbur  is 
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greater  than  tlie  tiumher  of  ilegrees  of  temperature  whicli  the  sulphureta 
can  bear  witboiit  ilecompoaitionj  minus  440**,  In  a  similar  manner  miglit  he 
determmed  tlie  aifinhy  of  iodine,  bromine,  and  «jhlonne  for  the  few  metals 
from  which  they  cnn  he  Beparated  by  heat^  provided  the  temperatures  at 
which  the  decompoaitions  take  place  could  be  more  accurately  deterrained : 
eo  likewise  might  be  estimated  the  affinity  of  mercury  and  arsenic  for 
certain  other  metals,  that  of  ammonia  for  the  more  fixed  acids,  such  as  the 
boracic  and  phosphoric  acids,  and  that  of  carbonic  acid  for  most  eaJifiablo 
bftdes.  The  greater  number  of  bases  part  with  their  combined  carbonic 
acid  at  a  low  red  heat,  lime  at  a  somewhat  higher  temperature^  strontia 
at  a  «till  higher,  baryta  only  in  the  strongest  wind-furnace,  potash  and 
Boda  not  at  all*  Arrordingly,  the  last  two  bases  must  have  the  strongest 
affinity  for  carbonic  acid ;  and  the  fact  of  lime,  baryta,  and  strontia 
taking  carbonic  acid  from  them  when  a  considerable  quantity  of  water  i« 
present,  must  be  explained  by  the  greater  afHnity  iL>f  water  for  caustic 
fMjtash  and  soda  (page  128).  Nitrate  of  copper  »?  decomposed  at  a  lower 
heat  than  nitrate  of  silver,  whence  it  follows  that  the  latter  oxide  has  the 
greater  affinity  for  nitric  acid*  Lastiy.  eince  many  oxidized  compounds, 
such  as  peroxide  of  manganese,  chromic  acid,  autimonic  acid,  and  arsenic 
acid  give  up  part  of  their  oxygen  at  a  high  temperature,  and  the  noble 
metals  give  np  the  whole  of  it,  and  since  the  compounds  of  hydrogen  with 
carbon,  phosphorus,  and  sulphur^  and  those  of  nitrogen  with  chlorine  and 
ioditjo  are  decomposed  at  various  temperatures, — the  affinities  by  which 
these  compoundf^  are  held  together  iray  be  at  least  comparatively  deter- 
mined;—but  no  exact  numbers  can  be  assigned  to  them^  because  the  boil- 
ing points  of  oxygen,  hydrogen,  and  nitrogen  are  unknown.  This  metbod 
of  determining  magnitudes  of  affinity  deserves  closer  examination. 

h,  Decompodtions  in  ivkich  roaderahk  Bodi€i  are  ahue  c^mcenied. 

a.  By  Simple  AJimtp,  If  we  find  that  the  componnd  A  B  is  decom- 
posed by  C  with  formation  of  A  C,  and  that  similarly  the  compound  A  C 
i»  decomposed  by  D  with  formation  of  A  D,  &c.,  we  conclude  that  A  has 
the  groat e4«t  affinity  for  D,  the  next  for  C,  and  the  anialle^Ht  for  B.  In 
this  manner*  A  may  be  tested  with  respect  to  all  the  substances  with 
which  it  can  combine.  If,  then^  wo  place  A  at  the  head,  and  below  it 
all  the  substances  capable  of  uniting  with  it,  in  the  order  in  which  their 
affinity  for  A  diminishes,  we  obtain  the  Cofnmn  of  Affiiutj/  of  A.  And  if 
wo  proceed  in  the  same  manner  with  other  bodies,  simple  and  compound, 
assigning  a  column  to  each,  and  collecting  all  these  columns  into  a  general 
table,  we  shall  obtain  a  Table  of  Affinitif,  Tabula  AJfnttattim. 

The  0rst  table,  which  was  very  imperfect,  was  drawn  up  by  Qeoffroy; 
he  was  followed  by  Gellert,  Riidiger,  Limbourg,  Marberr,  De  Fourcy, 
Demachy,  Erxlehen,  Weigel,  Wiegler,  and  Bergman. 

A  few  examples  will  ?>utlice  to  illustrate  this  method.     Carbonate  of 
lime  treated  with  bydrocbloric  acid  yields  hydrochlorate  of  lime  and  car- 
bonic acid:    hydrochlorate  of   lime  is  resolved    by  sulphuric  acid  into, 
sulphate  of  lime  and  free  hydrochloric  acid;  and  when  oxalic  acid  is  added 
to  a  solution  of  ijulphatc  of  lime  in  water,  oxalate  of  lime  if<  thrown  dorni,  f 
while  free  sulphuric  acid  remains  in  the  water     Hence  in  the  column' 
headed  Lime^  the  four  acids  above  mentioned  succeed  one  another  in  the 
following    order:    oxalic,   sulphuric,  hydrochloric,   carbonic.      From   an 
aqueous  solution  of  sulphate  of  alumina  ammonia  precipitates  the  alumina, ; 
produoing  sulphate  of  ammonia;  this  salt  is  converted  by  lime  into  sul- 
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phaie  of  lime  and  free  ammrmia;  the  siilpliate  of  lime  t rented  witb  eolutioE 
of  potash  ifl  rcsnlvod  into  sulphate  of  potash  and  free  Hrae;  and,  lastly, 
the  aqneouf?  fiolution  of  eulphate  of  potash  gives  witli  baryta-water  a  pre- 
cipitate of  sulphate  of  baryta,  while  free  potash  remains  in  solution, 
Coufleqaently  in  tho  sulphuric  acid  colonm,  the  four  bases  here  considered 
would  ataod  in  the  order:  baryta,  potash,  lime,  ammonia,  alumina. 

Simple  and  en  re  as  this  method  may  appear,  and  well  as  it  may  be 
adapted  to  fnmiBh  available  materials  for  the  determination  of  relative 
magnitudes  of  affinity,  it  is  still  fur  from  beinpj  unexceptionable,  and 
demands  the  greatest  caution  in  its  application.  The  influence  of  cohesion, 
elasticity,  and  the  affinity  of  the  solvent,  are  e!?pecially  deserving  of 
the  most  care  fill  attention.  For  example,  that  oxalic  acid  added  to  an 
atjueous  solution  of  sulphate  of  lime  precipitates  oxalate  of  lime,  might  be 
explained  on  the  hypothesis  that  the  cohesion  of  the  latter  salt  is  greater 
than  that  of  the  former;  and  that  at  the  same  time  the  affinity  of  water 
for  sulphuric  acid  is  greater  than  for  oxalic  acid;  if  such  be  the  case^  the 
affinity  of  sulphuric  acid  for  lime  may  still  be  greater  than  that  of 
oxalic  acid.  It  has  also  been  suggested  that  hydrochloric  acid  may 
expel  carbonic  acid  from  carbonate  of  lime,  not  in  consequence  of  greater 
athnity,  but  hecause  carbonic  acid  is  more  elastic  i.  e,,  baa  greater  affinity 
for  heat  than  hydroelilorio  acid  has;  but  this  supposition  is  negatived 
by  the  experiment  described  on  page  130,  in  which  the  decomposition 
was  found  to  tiike  place  under  a  pressure  sufficient  to  liquify  the  car- 
bonic acid  set  free.  Again  it  has  been  shown  (p.  12£))  that  €.  g.^  boracio 
acid  deoompo«efi  sulphnta  of  soda  at  a  red  heat,  whilst  the  opposite 
effect  takes  place  in  the  cold.  Generally,  the  various  cases  of  reciprocal 
affinity  (page  125  ♦  .  .  *  133)  show  that  it  is  important  to  examine  the 
action  of  bodies  under  variously  altered  circumstances,  and  in  drawing 
conclusions  respecting  magniturfo  of  affinity  from  decompositions  which 
result  from  simple  affinity,  never  to  neglect  the  circumstances  which, 
as  was  shown  in  discussing  the  theory  of  reciprocal  affinity,  may  invert 
the  lesnlt  and  enable  the  weaker  affinity  to  gain  the  victory.  One  of 
these  circumstances,  viz.,  difference  of  temperature,  was  long  ago  noticed 
by  Bergman.  In  his  table,  the  Affinitates  eUctiiHie  via  humida  are 
distinguished  from  those  via  sicca,  accordingly  as  the  decompositions 
take  place  at  ordinary  temperatures  or  at  a  red  heat  This  mode  of 
distinction  is  not  indeed  unexceptionable,  since  opposite  results  often  take 
place  at  different  degrees  of  incandescence:  thus,  for  example,  at  a  red 
heat  potassium  takes  oxygen  from  iron,  while  at  a  wliite  heat  iron  takes 
oxygen  from  potassium.  At  the  same  time  such  distinctions  oblige  ns  to 
admit  tbtit  tables  of  affinity  do  not  always  give  the  relative  mtignitudes 
of  that  force,  but  merely  the  results  of  deeomposiiion  under  certain  cir- 
cumstances: hence  these  tables  are  by  many  chemists  called  Tables  of 
I^recipUationf  or  more  correctly,  Tables  of  Decomposition* 

It  most  also  not  be  forgotten  that  a  body  C  sometimes  takes  from  the 
body  B  only  a  part  of  the  body  A.  When  soda  precipitates  oxide  of 
leatl  from  n  solution  of  chloride  of  lea<l  in  water — ^which  may  he  regarded 
as  hydrochlorate  of  oxide  of  lead— this  does  not  exactly  prove  that  the 
affinity  of  soda  for  hydrochloric  acid  is  greater  than  that  of  oxide  of  lead ; 
for  the  precipitate  is  a  compound  of  4  atoms  of  oxide  of  lead  with  one 
atom  of  hydrochloric  acid;  and  the  same  conipi>nnd  is  on  the  other  hand 
produced,  with  separation  of  soda,  when  oxide  of  lead  in  excess  is  di- 
gested with  a  solution  of  hydrochlorate  of  soda.  From  this  it  follows 
that  4  atoms  of  oxide  of  lead  have  a  greater  affinity  for  1  atom  of  hydro* 
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According  to  this  table,  solpbate  of  soda  and  hjdrochlorate  of  baryta 
most  decompose  eacb  other,  beaiose  66  +  31  (=  97)  is  greater  than 
58  +  36  (=  94);  similarly  with  carbcmate  of  poUsh  and  acetate  of  lime, 
ance  12  +  26  >  19  +  9,  and  so  on.  Bot  in  many  cases  in  whidi  de- 
composition takes  place  the  sums  are  eqnal;  e.  g,,  with  snlphate  of 
potash  and  nitrate  of  baryU  ^62  +  62  =  66  +  58);  and  with  snlphate  of 
potash  and  hydrochlorate  of  baryta  (62  +  36  =  66  +  32).  In  others 
the  sam  of  the  latent  is  even  greater  than  that  of  the  separating  affinities, 
so  that  the  calculation  directly  contradicts  the  experimental  resalt;  e,  g., 
in  the  case  of  nitrate  of  baryta  and  snlphate  of  soda  ^62  +  58  >  50  + 
66);  so  likewise  nitrate  of  baryta  is  decomposed  by  sulphate  of  ammonia, 
sulphate  of  lime,  sulphate  of  magnesia  or  carbonate  of  soda,  and  snlphate 
of  magnesia  by  carbonate  of  ammonia,  although  calculation  would  laid  to 
the  contrary  result.  Moreover,  Guyton-Morreau  assigns  to  the  affinity 
of  nitric  and  hydrochloric  acid  for  baryta  larger  numbers  than  to  the 
affinities  of  the  same  acids  for  potash,  althouefa  potash  separates  baryta 
both  from  the  nitrate  and  hydiiidilorate  of  Uiat  base.  Geneially,  it  is 
easy  to  see  that  it  would  be  useless  trouble  to  attempt  to  rectify  the  pre- 
cecung  numbers  and  adapt  them  to  all  decompositions  of  these  salts  by 
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iloulile  afiinityj^ — since  theae  results  depeaJ,  not  alone  on  tlie  sum  of  the 
ma^uitmlcs  of  aflinity,  but  also  on  cohesion,  temperature,  and  tbo  nature 
of  the  solvent. 

B.  Attempts  have  been  made  to  determine  the  relative  strenj^th  of 
affinity  of  two  bodies  from  their  force  of  adhesion.  Gujton-Morveau  re- 
ganlea  a4hesion  aa  a.  commencing"  affinity;  Kupposing  that  heterogeneous 
sultatances  attract  each  other  in  mas&es  before  the  attraction  between  their 
individual  atoms  comes  into  play  and  forms  ctiemical  compound^!.  The 
i^reater  therefore  the  affinity  between  two  bodies,  the  greater  should  also 
be  their  adhealon,  and  the  maguitude  of  the  former  should  also  be  deter- 
minable from  that  of  the  latter.  Morveau  suspended  a  metal  disc  one 
inch  in  diameter  from  one  of  the  arms  of  a  balance,  and  countcq)oit?ed  it 
by  weights  in  the  opposite  scale ;  be  then  placed  under  the  disc  a  glafta 
tilled  with  mercury,  so  that  the  surface  of  the  mercury  just  ciinie  in  con- 
tact with  the  lower  surface  of  the  disc^ — and  ascertained  what  additional 
weight  required  to  be  laid  in  the  opposite  scale-pan  in  order  to  separate 
the  diac  from  the  mercury.  In  this  manner  he  lound  that  the  following 
weights  were  necessary:  gobl  4 4G  grains,  silver  42[>,  tin  418,  lead  397, 
bismuth  372,  zinc  204^  copper  112,  antimony  12*5,  iron  115,  cobalt  8, 
This  is  almost  exactly  the  order  of  facility  in  which  these  metals  combine 
with  niercury,  and  so  far  experiments  appear  to  accord  with  the  preceding- 
view.  But  it  has  not  yet  been  shown  that  the  magnitudes  of  adhesion 
and  aflinity  are  in  direct  proportion  one  to  the  other.  Although  the 
affinity  of  sulphur  for  mercury  is  much  greater  than  that  of  either  of  the 
metals  just  named,  Btill  a  disc  of  sulphur  would  adhere  to  it  with  far  leas 
force  than  either  of  the  metallic  discs  did.  Moreover,  the  fact  of  mer- 
cury combining  with  gold  more  eaijily  than  with  zinc  docs  not  show  that 
gold  has  the  greater  affinity  for  the  mercury:  for  facility  of  combination 
is  one  thing,  intintacy  another.  Besides,  Morveau's  method  docs  not  give 
even  the  force  of  adhesion;  for  a  certun  «juantity  of  mercury  remains 
uttuched  to  the  plates,  and  on  separation  the  mercury  itself  is  torn  asunder, 
and  the  force  deteiinined  is  in  reality  its  cohesion.  Finally  both  on 
this  ground,  and  becaose  many  substances  on  coming  in  contact  imme- 
diately enter  into  chemical  combination,^ — and  the  film  of  the  new  com- 
pound of  the  two  bodies  whose  adiiesion  is  to  be  measured  is  really  that 
which  sutTers  disruption, ^an  exact  determination  «*f  the  force  of  adhesion 
in  the  most  numerous  and  important  causes  is  impossible. 

C.  The  strength  of  atHnity  is  sometimes  estimated  by  the  time  in 
which  combination  takes  place.  Wenzel  ( Von  der  VcnvatidUcJiaft,  p* 
28)  exposed  metal  cylinders  of  equal  height  and  diameter,  and  covered 
all  over,  with  the  exception  of  one  of  the  terminal  surfaces,  with  varnish 
— lo  the  action  of  different  acids  at  the  same  temperature  and  for  e^jual 
intervals  of  time,  and  estimated  the  force  <*f  affinity  by  the  quantity  of 
metal  dissolved.  These  experiments  however  prove  nothiug,  first  becuus© 
in  the  solution  of  metals  in  acids  various  affinities  come  into  phiy,  viz., 
the  affinity  of  the  metal  for  oxygen,  which  has  to  bo  taken  sometimes 
from  the  acid  sojnotimcs  from  the  water, — that  of  the  oxide  of  the  metal 
for  the  acid — juid  that  of  the  salt  for  water;  secondly,  because  Wenzel 
sometimes  used  concentrated,  sometimes  dilute  acids,  according  to  the  con- 
dition of^he  metal— and  thirdly,  because  a  given  snrfitce  of  diliereut  me- 
tals exposes  a  different  number  of  atoms  to  the  action  of  a  solvent,  accord- 
ing to  the  atomic  weights  and  densities  of  the  motals.  But  even  experi- 
menU  in  which  tliese  sources  of  error  were  eliminated  would  lead  to 
nothing,  because  the  imiKprtant  influence  which  cohesion,  specific  gravity, 
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iie»  exert  on  the  rapicljty  of  the  eombtiiation  could  not  well  be  taken  into 
rmeeouDt. 

D.  Strength  of  affinity  has  been  estimated  from  the  tjuantitied  in  which 
bodies  combiue. 

Berthollet  laid  down  the  following  hypothesis:  The  emaller  the  qnan- 
titv  of  a  body  B  required  to  neutralize  another  bi>dy  A,  that  is  to  say  to 
balance  its  opposite  properties,  the  more  completely  opposite  mast  B  be 
to  A,  and  the  greater  must  therefore  be  their  mutual  attraction.  If  for 
example  a  certain  quautity  of  an  acid  is  neutralized  by  1  part  of  the  base 
B,  but  requires  2  parts  of  the  base  C  and  3  of  the  base  D^  the  affinities 
of  A  to  B,  C,  and  D  =  3  :  l^  :  1;  in  short,  the  force  of  affinity  is  in- 
versely as  the  quantity  required  for  neutraliKation.  A  similar  relation 
exists  with  regard  to  the  affinity  of  a  base  for  several  acids;  that  acid 
ef  which  the  smallest  quantity  suffices  for  the  neutralization  of  the 
base,  will  have,  of  all  acids,  the  greatest  affinity  fur  the  base.  This 
view  of  the  matter  is  con t rati ictory  to  tbo  nnler  of  affinity  found 
from  decompositions  by  double  affinity.  For  example,  40  parts  of 
sulphuric  acid  are  neutralized  by  7*6*6  baryta,  52  atrontia,  47*2 
potash,  31'2  soda,  28*5  lime,  207  magnesia  and  17  nmmonia;  and  28*5 
ume  are  neutralized  by  40  sulphuric  acidj  54  nitric  acid,  36*4  hydrochloric 
rie  acid,  127  hydriodic  acid,  32  sulphurous  acid,  and  22  carbonic  acid. 
The  bodies  here  follow  in  the  order  in  which  they  separate  each  other,  so 
that  for  example  baryta  takes  sulphuric  acid  from  all  other  bases  and 
sulphuric  acid  takes  lime  from  all  other  acids.  The  law  here  manifested 
— that,  for  the  most  part,  those  substances  of  which  the  smallest  quanti- 
ties are  required  to  neutralize  a  third  body— ^and  which  should  therefore 
have  the  greatest  affinity  for  that  body^ — are  separated  by  those  which 
combine  with  the  same  body  in  greater  proportion,  and  should  therefore 
have  less  affinity  for  it — is  explained  by  Berthollet  from  the  influence  of 
oohesion  and  elasticity.  According  to  that  philosopher  ammonia  has, 
ol  all  the  bases  here  ennmerated,  tbe  greatest  affinity  for  sulphuric  acid, 
for  it  is  the  base  of  which  the  smallest  quautity  is  rcnjuired  to  neutralize 
that  acid:  that  it  should  however  be  sepanited  from  sulphuric  acid  by  all 
other  ba>?es  arises  from  its  tendency  to  assume  the  gaseous  form.  From 
the  same  cause  the  highly  elastic  substance  carbonic  acid,  which  of  all 
acids  has  the  greatest  affinity  for  lime,  is  separated  from  that  base  by 
hydrochloric  acid:  (the  iacorrectness  of  this  explanation  is  manifest  from 
the  experiment  described  p.  130).  That  baryta  should  take  sulphuric  acid 
from  all  other  bases,  although  according  to  Berthollet*s  view  its  affinity 
for  that  acid  must  be  the  smallest,  is  explained  by  the  great  cohesion  of 
sulphate  of  baryta:  and  that  potash  should  separate  Isms  and  magnesia  is 
suppoeed  to  result  from  the  great  cohesion  of  those  earths,  &e.  It  is  cer- 
tainly worthy  of  remark  that  when  an  acid  is  brought  in  contact  with 
two  salifiable  bases,  the  least  soluble  bodv  is  always  obtained:  if  one 
salt  is  less  soluble  than  another,  it  is  formed;  if  one  base  is  less  soluble 
than  another,  it  is  precipitated.  Thus  baryta  takes  sulphuric  acid  from 
strontia  and  forms  with  it  an  insoluble  salt;  stroutia  withdraws  sulphuric 
acid  from  potash,  and  pota*ih  from  soda, — sulphate  of  strontia  being  less 
ifioluble  than  sulphate  of  potash,  and  sulphate  of  potash  than  sulphate  of 
[loda.  Soda  takes  lime  from  sulphuric  acid,  and  the  Hme  which  separates 
is  the  least  soluble  bwly;  lime  takes  sulphuric  acid  from  magnesia,  and 
magnesia  is  less  soluble  than  lime.  Ammonia  alone  forms  an  exception: 
it  gives  up  sulphuric  acid  to  lime,  and  the  lime  is  thereby  converted  into 
the  more  soluble  sulphate  of  lime.     When  a  base  comes  in  contact  with 
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two  midSf  the  same  eif^ct  often  takes  place;  sulphate  of  baryta  ia  leas 
soluble  than  nitrate,  and  this  than  bydrochlarate  of  baryta,  Sec.  But  on 
the  otlter  baaUf  the  almost  iudoluhle  sulphite  and  carbonate  of  baryta  ara 
decomposed  by  nitric  acid, 

Berg^man  detluced  from  his  analyses  of  various  salts  the  two  following 
laws  which  are  directly  opposed  to  Berthollet'a  theory:  (1.)  Ad  acid  has 
the  greatest  affinity  for  tbat  base  of  which  it  takes  up  the  greatest  quan- 
tity. (2.)  A  base  has  likewise  the  greatest  affinity  for  that  acid  of  which 
the  greatest  ouantity  is  reo aired  to  neatrahse  the  base. 

Kir  wan,  from  the  results  of  his  own  analyses  of  salts,  adopted  the 
first  of  Bergman's  laws;  but  witb  respect  to  the  affinity  of  a  base  for 
di^erent  acids,  he  on  the  contrary  laid  down  the  law,  that  a  base  has  the 
greatest  affinity  for  that  acid  of  which  it  takes  up  the  smallest  quantity. 

All  these  laws  could  only  have  acquired  au  appearance  of  validity 
from  the  fact,  that  but  a  small  number  of  acids  and  bases  were  examined 
in  relation  to  them,  and  moreover  in  an  inaccurute  manner.  Adopting 
the  more  exact  quantitative  relations  at  present  known,  and  pkcing  afl 
the  salifiable  bases, — including  those  of  the  beary  metalUc  oxides — in  the 
sulphuric  acid  column,  and  fdl  the  acids  in  the  lime  column,  it  will  be 
plainly  seen  that  decomposition  by  simple  affinity  has  no  fixed  relation 
to  proportional  quantity.  Moreover  we  now  know  that  the  latter  depends 
on  the  atomic  weight  of  bodies.  If  then  the  strength  of  affinity  were  de* 
terrained  by  relative  quantity,  the  former  would  bear  a  simple  propor- 
tion^  direct  or  inverse,  to  the  atomic  weight  Accordingly  to  Bertnol- 
let's  law,  the  affinity  of  hydrogen  for  other  bodies  should  be  the  gTeatest 
of  all,  Bince  hydrogen  has  the  smallest  atomic  weight,  and  therefore  tlie 
smallest  quantity  of  it  suffices  to  saturate  other  bodies;  the  affinity  of 
iodiue  on  the  contrary  ought  to  he  Jei^s  than  that  of  most  other  bodies, 
sulphur  for  example,  since  126  parts  of  iodine  are  necessary  to  saturate 
a  quantity  of  metal  for  which  16  parts  of  sulphur  are  eumcient;  never- 
theless iodine^  though  more  rolatile  than  sulphur,  decomposes  the  metal- 
lic sulphurets. 

Oena'ol  Law$,  6y  wkkh  the  Magnitude  or  Sb'€ti^tA  of  Afinitt/  is 

regulated, 

1.  With  regard  to  the  mme  two  bodies.  If  A  combines  with  different 
qnantities  of  B,  it  holds  the  first  quantity  of  B  with  greater  force  than 
the  second,  the  second  with  greater  force  than  the  third,  and  so  on.  This 
law  holds  good  without  exception, 

Carbonic  acid,  CO-,  in  contact  with  hydrogen  gas,  zinc,  iron,  &c.  at  a 
red  heat,  gives  up  only  1  atom  of  oxygen,  the  other  remaining — in  con- 
sequence of  tbo  aujjerior  affinity  of  the  carbon — united  with  it  in  the 
form  of  carbonic  oxide,  C  0,  Brown  peroxide  of  lea^l,  Pb  0^  is  reduced 
at  a  low  red  heat  to  red  lead,  Ph^  0*,  oxygen  gas  being  evolved;  the  red 
load  at  a  stronger  red  heat  gives  up  more  oxygen  and  is  converted  into 
the  yellow  oxide,  Pb  Oj  and  this  will  not  part  with  its  one  atom  of  oxy- 
gen even  at  the  most  intense  heat,  but  sublimcjs  unchanged. 

Apparent  exceptions:  Many  combustible  bodies  abstract  oxygen  from 
nitrous  oxide,  N  0,  at  a  lower  temperature  than  from  nitric  oxide,  N  0*. 
This  anomaly  must  be  attributed  to  the  hindrances  which  the  gaseous 
«tate  offers^  in  various  degrees,  to  chemical  action.  The  fact  that  nitric 
oxide  is  deprived  of  its  second  atom  of  oxygen  by  alkaline  sulphites,  and 
converted  Into  uitrous  gxido  which  suffers  no  further  alteration  from  the 
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nction  of  tlie  sauje  salts,  proves  the  correctness  of  the  law, — Nitric  aciJ» 
N  0*,  does  not  give  up  its  oxygen  t*>  many  hodicg  so  easily  as  byjionitric 
acid,  N  0*,  But  nitric  acid,  preciiaely  on  iiCLHmnt  of  tlie  small  sitHnity  of 
the  uitrogen  for  the  last  atom  of  (>xy<<cn»  i«  not  known  to  exist  in  the 
.separate  state,  but  only  in  combination  with  water  or  ^alitiablo  bases, 
la  aqueous  nitric  acid  the  great  affinity  of  the  water  for  the  acid  opposes, 
to  a  certain  extent^  the  transfer  of  the  oxygen  to  other  bodies.  So  like- 
wise hyperchlorate  of  potash,  K  O,  CI  0\  is  less  easily  deconijiosed  by 
heat  and  combustible  bodies  than  chlorate  of  potash,  K  0,  Ci  (>\  iilthonjcrh 
it  contains  two  more  atoms  of  oxygen.  But  hypercbloric  a<?id  is  just  on 
account  of  this  greater  quantity  of  oxygen  a  stronger  acid  than  chloric 
acid,  and  the  coimeqnent  greater  affinity  of  potash  for  hyperehloric  acid 
renders  Its  decomposition  more  difficult. 

2.  With  regard  to  d iff ereiit  bodiis.  (a.)  Simple  substances  exhibit  the 
strongest  affinities  for  each  other,  e.g.  oxygen,  chlorine,  bromine,  iodine, 
&c.  towards  most  other  elements.  Then  follow  compuuuds  of  the  first 
order,  t,g,  acids  and  salifiable  bases.  The  affioitie.s  of  componnd«  of  the 
second  order,  salts,  for  instance,  are  much  weaker.  In  proportion  as 
the  affinities  of  the  elements  are  satisfied  by  combination,  tlieir  tendency 
to  form  further  combinations  diminishes  and  uUiraately  ceases. 

b.  The  more  opposite  bodies   are  in  their  physical  properties,   the 

freater  for  the  most  part  is  their  affinity.  Thus,  metals  being  similar 
odies  have  generally  but  little  affinity  for  one  another,  but  great  affinity 
for  oxygen,  chlorine,  bromine,  iodine,  sulphur,  and  other  n on  metallic 
bodies;  in  a.  similar  manner,  acids  have  little  affinity  for  other  acids  or 
bases  for  other  bases,  but  the  affinity  between  acids  and  bases  is  Yery 
strong* 

Columna  of  Afinity, 

The  following  are  a  few  columns  of  affinity  drawn  up  principally 
from  decompositions  by  simple  affinity  and  from  analogical  reasoning. 
From  the  difficulty  of  the  subject  they  must  be  considered  as  merely  rough 
approximations.  The  bodies  separated  only  by  a  comma  are  those  whose 
relative  position  is  a«  yet  u u decided ;  iifter  each  semicolon  are  placed 
substances  whose  affinity  is  decidedly  weaker. 

OTyqen:  K;  Na.  Li;  Ba,  Sr,  Ca;  Mg,  Ce,  Y,  G,  Al,  Th,  Zr,  Si;  Ti, 
Ta,  W7V,  Cr,  Mn;  CO,  H;  Mo;  Zn;  Fe;  Cd;  Ni:  Co;  Sn;  U;  Ta  0^; 
MnO;  MoO;  Ti  0;  P;  Pb;  Bt;  Sh:  PO^;  S;  Cu;  MoO';  As;  N;  Sn  0 
HCl;  S  0=;  W  0-;  N  0  ;  Se;  Pt  Ir;  Fe  0  S  0^; 
Ag;  K  0;  BaO;  As  0^;  I:  NO';  Cr  0^  V^  0'; 
CI  0*;  H  0. 

Chlorine:    K   and  the  other  alkaline  metals; 
bases  of  the  earths;    Ti ;  Zn;  Fe;  Cd;  Co;  Sn;  CO;  H;  P 
Sb;  S;  Hg;  As;  Ag;  SnCl;  Hg^Cl;  Pd;  Pt;  Au;  I;  Br;  0. 

Fluorine^  Bromine,  and  Iodine  are  similar  in  their  relations  to  chlo- 
rine. 

Sulpkun  0]  K  and  the  other  alkaline  metals;  Zn,  Fe;  Sn;  Cu:  CI; 
H;  C;  Pb;  Bi;  Sb;  \l^;  Ag;  Pt;  Cu^S;  Mo  S^;  Au. 

r/msphorus:   O;  CI;  Br;'  I;  K;  Zn;  S;  H. 

Hydrogen:    0;  F;  CI;  Br;  I;  Se;  S;  P;  As;  Sb;  N. 

Nitrogen:    C;  H;  I;  Br;  CI. 

Meiah:  0;  F;  CI;  Bj;  I;  Se;  P;  H.  It  is  true  that  many  metallic 
oxides  and  fluorides  are  decomposed  at  a  red  heat  by  chlorine;  but  in 
such  cases  the  affinity  of  heat  for  the  more  volatile  substances,  oxygen  and 


Hg;  Te;  Os;  R;  Pd; 
Au;  Br;  CI;  F;  I  0^ 

metiils  iv*hich  are  the 
Pb;  Bi; 
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fliioriDt*,  III  list  be  taken  into  account.  Nevertlieleas  tlio  affiiiitj  of  tlxo 
noble  nictalH  for  clilorinc  seems  to  be  greater  tliau  fur  oxygon.  On  the 
wLole  it  appeard  tliat  ditibrcnt  metals  have  tliifereiit  ortlors  of  affinity. 

,Sidphuric  acid:  Ba  0;  Sr  O ;  K  0 ;  Na  O;  L  01  Ga  0;  Mg  0;  Pb  0; 
N  H^;  FoO;  ZnO;  Ni  0;  Co  0;  CuOj  AFO^;  Fe- 0\  6W/j. 
SliTmtibert  {Unkrs,  dcr  Verwandhch,  57 )i  Karsten  (Scher,  5,  583);  Gay- 
Liissac  {Ann.  Chim,  89,  21.) 

II^drocMorlc  acid:  4Pb  0;  K  0;  Na  0;  Ba  0;  Sr  0;  CaO;  MgO; 
K  H^;  CoO;  NiO;  %0;  CeO;  Zn  0;  Mn  0;  FeO;  UO;  AtiO"?; 
Cu'O;  Cn  0;  Sn  0;  G0;'AP0*;  U-0^;  CrO»i  Fe^'O^;  Sn  0^;  Er  Q\ 
SbO\  Comp.  Sclinaubert;  Aiifrye  an<l  Darcot  {A.  Gehlj  3,  325),  Gay- 
LuBsac,  a.  a,  0.,  and  especially  Pcrrioz  [Ann.  Chim,  Phi/»,  58,  180,  also 
J.  Pr.  Chem.  6,  32).  Pers^oz  places  the  suboxido  of  copper  above  tbo 
protoxide,  without  however  resting  bis  mipposition  on  experiment,  and 
perhaps  incorrectly.     With  regard  to  4FhO,  vi4.  page  13f>. 

mtflc  Add:  KG;  NaOrLOl;  BaO;  SrO;  fiPbO;  CaO;  MgO; 
NH^  AgO;  Co  0;  Ni  0;  Co  0;  Zn  O;  Mn  0;  Cd  0;  {^PbO,  N  0^); 
CuO,  GO;APO^;  U^^O^;  CrO^;  H-Mj;  %0;  Fe-0;  BPO^j  accord- 
ing to  Schnaubert,  Gay-LnjusaCj  Anfi'}*e  and  Darcet,  and  particularly 
according  to  Perso;:.  Here  also  the  place  assigned  by  Peraoz  to  snhoxide 
of  mercury  above  the  protoxide  is  to  be  doubted;  according  to  Proust, 
{A,  Gclflj  1,  525)  protoxide  (red  oxide)  of  mercury  stands  likewise  above 
protoxide  of  copjicr,  and  according  to  Schnaubert,  protoxide  of  manganese 
precedes  protoxide  of  nickel. 

For  phosphoric  acid  the  order  appears  to  l>e  as  follows:  Baryta, 
etrontia,  lime,  potash,  and  soda;  and  for  oxalk  acid:  Lime,  baryta, stron- 
tia,  magnesia,  pota^ih,  soda^  ammonia. 

In  the  revision  of  these  columns  of  acids  particular  attention  should 
ho  paid  to  the  formation  of  hasic  salts. 

Fo(ask:  2  At.  Mo  0';  2S  0';  2CrO';  2  At  oxalic  acidi  2  At.  tartaric 
acid;  S  0^;  So  0;  N  0^;  I  0^;  CI  0^;  H  F;  H  CI;  P  0^;  As  0'-  I  0^  Br  0^- 
CI  0'^;  H  Br;  CrO^;  P  0^-  H  I;  Se  0^;  N  0';  Mn  0^;  Mn  0'';  B  0^;  C  0=; 
As  0^;  HSe;  H  S;  H  Cy.  This  column  is  as  yet  very  uncertain,  and 
reqnires  many  corrections  and  fulditiuns. 

Other  bases  exhibit  orders  of  alEoity  more  or  leas  resembling  that  of 
potash. 

VL  Orioin  a^d  Nature  of  toe  Phenomena  of  Affixity. 


I,  Atomic  Ilf/potlimsm 

According  to  the  Atomic  or  Oorpmcuiar  Thfon/^  matter  is  an  original 
CMCuce,  and  consists  of  certJiin  very  small  part.s  called  A(omSj  Moltcnie^, 
or  Particles,  arranged,  not  in  absolute  contact,  but  with  Inte?*vah  or  Po;y« 
between  them;  so  that  bodies,  which  to  the  eye  appear  perfectly  continn- 
ous,  like  a  piece  of  glass  or  metal,  must  be  regarded,  not  as  being  com- 
pletely filled  with  matter,  Imt  as  aggregates  of  atoms  and  empty  spaces, 
in  cheaiical  combination  the  heterogeneous  atoms  arrange  tbemseKes 
close  to  each  other,  but  without  penetration — Jtt,riaposition  takes  place — 
and  the  aggregate  of  the  so  formed  compound  atoms,  with  the  intervals 
or  pores  between  tliem,  constitutes  the  new  compound.  The  ancient  and 
modern  atomic  theories  are  distinguiyhed  from  one  anothiT,  according  to 
tbc  force  which  is  supposed  to  act  in  bringing  about  the  juxtaposition  of 
the  heterogeneous  atoms. 
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A.  Anctekt  Atomic  Theoby. 

In  this  theory,  tlit^  atoms  are  suppos^cd  to  Ik}  actuale<l,  not  by  any 
attractive  force,  Imt  by  a  niotimi  existing  frooi  all  eternity — hj  virtue  of 
which  tijese  atoms,  invieihlo  from  thoir  emallues^,  are  continually  falling 
throu^^h  infinite  space,  l»ut  not  in  exactly  parallel  lines,— ao  that  they 
BOmetimes  come  in  conkict  and  hecoiiie  agj;?regatod  together  in  larger 
maeses,  like  tlie  earth  and  tlie  other  bodies  of  tlie  uaiverae.  Those  atoms 
which  go  on  moving  alone,  and  so  come  in  contact  with  bodies  on  the  sur- 
face of  the  earth/sometimea  full  without  etlect  through  their  pores— 
Bometimep,  again,  they  strike  on  the  atoms  ef  the  bodies,  and  thrust  them 
eitlier  against  the  earth  or  against  one  another,  tlierehy  producing  the 
plienuniena  of  gravitation,  cohctjion,  adhesion,  anti  affinity.  (Leucippus, 
Demoeritus,  Epicurus^  Lucretius,  Lesage.) 

B.  Modern  Atomic  Theory. 

According  to  this  now  almost  naiversally  preferred  hyhothesle,  thf 
atoms  are  supposed  to  be  imprest  with  innate  forces  which  give  rise  td 
their  mutual  attraction,  sometimes  exhibited  in  the  form  of  mecUauica!, 
sometimes  in  that  of  chemical  force. 

a.  CoiuiUuihn  o/Atcms, 

Atoms  aro  not  infinitely  small,  in  the  mathematical  sense  of  the 
worde,  but  bodies  of  determinate  magnitude,  which  cannot  be  eeparated 
into  smaller  parts,  either  bj  mechanical  or  other  forces.  They  are  of 
definite  weight,  definite  magnitude,  and  defiuite  funn  ;  and  these  are  con- 
stant in  the  utoms  of  the  smmy  biibatance,  but  may  difter  in  those  of  dif- 
ferent (*ubatances.  It  is  probable,  however,  that  the  atoms  of  all  bodies 
have  the  same  density,  so  that  the  weigltts  t>f  two  heterogeneous  atoms 
are  in  direct  proportion  to  their  Ytduines — -and  that  if  the  atoms  couhl 
place  themselves  ftside  by  side  without  leaving  spaces  between  them,  all 
bodies  would  have  the  same  specific  gravity,  viz.,  that  of  the  atoms;  But 
there  must  exist  between  them  considerable  interval^,  of  various  magui- 
tutles  in  different  subytances, — and  these  are  filled  up  with  heat,  the  prin- 
ciple of  ehii^ticity, — whereby  the  atoms,  which,  by  virtue  of  their  mutual 
attraction,  would  place  themselves  in  actual  contact,  are  kept  at  certain 
distances  from  one  another.  When  bodies  are  compressed  or  expanded, 
the  atoms  theTuselvcs  suller  neither  contmction  nor  expansion,  hut  the 
pores  are  narrowed  or  widened.  That  atoms  must  be  extremely  small, 
and  conaidcralily  less  than  irmriisFTT  l^^e  in  diameter,  is  proved  by  the 
microseopal  investigations  of  Khrenberg.   {Potfg,  24,  t35.) 

Respecting  the  Fonit  of  Atmn^,  two  views  are  princiimlly  entertained. 

According  to  one  of  these  hypotheses,  atoms  have  the  same  fonn  as 
the  fragments  obtained  by  splitting  a  ery»talliKod  body  in  the  direction 
of  its  planes  of  cleavage.  Antimony,  which  may  be  cleft  in  directions 
parallel  to  the  faces  of  an  acute  rhorobobedron,  is  resolved  by  this  mode 
of  division  into  ,simikr  rhombohedrons  of  continually  smaller  and  smaller 
dinieuf^ions  ;  and  if  we  conceive  the  cleavage  to  lie  carried  to  the  utmost 
possible  limit,  the  emailed  rhombobedronB  thus  obtained  will  bo  the  atoms 
of  antitnony.  The  atoms  of  a  body  which  may  bo  cleft  parallel  to  the 
faces  of  a  cube  wiJl  have  the  form  of  a  cube;  a  substaneo  which  nmy  bo 
cleft  according  to  tho  faces  of  a  six-sided  prism,  will  bo  ultimately  redu- 
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eible  to  trian,e:iilar  prism?.  Cleavage  iM!cor<ling  to  the  (ncm  r»f  a  renjiilar 
oetolietlron  will  ^ive  Ixitli  re^ilar  oetobeilrons  anrl  tetralio<lroii« ;  lionf^o 
Olio  of  tlie^c  forms  ituist  belong  to  tlie  atoms  f>f  a  hmly  so  constitute*], 
(liaaioml  for  oxaTiiplo.  Aeeonling  to  tliis  view,  atoms  must  have  t!ie  fonn 
either  of  a  parallelopiped  (rhonibohedron,  cube,  nquare,  rectangular,  or 
rhombic  prism),— c>r  of  a  triangular  prism, — or  of  a  tetraheilrou  or  oetobe- 
<lron,  regular  or  irregular.  Thia  theory  certaiuly  affords  the  easiest  ex- 
planation of  tho  crygtalline  fonn  and  determinate  cleavage  of  wimple  sub- 
etancee;  but  it  ^ives  no  explanation  of  auiorphism — it  does  not  accord 
well  with  dimorphisin — and  tho  more  eadly  it  explains  the  crystalline 
form  of  simple  sulMtances,  the  le88  is  it  adapted  to  account  for  that  of 
compounds;  for  the  juxtaposition  of  two  or  more  atoms  of  diflereut  forma 
must  produce  a  compound  atom  of  very  complicated  ignre. 

Greater  probability  attaches,  therefore,  to  the  eecond  theory,  whicli 
has  been  particularly  developed  by  Ampere  {Aim.  Ohim.  90,  43).  Ac- 
cording to  thia  theory,  all  atoms  have  a  spherical  form;  and  in  the  firat 
place,  these  spherical  atoms,  by  arranging  themselves  in  various  numbers 
and  at  various  angles,  produce  aggregates  posseflfiing  one  or  other  of  the 
forms  which  may  be  obtained  by  cleavage j  these  aggregates  may  be 
called  crystalline  molecule?.  Thus,  4  such  spheres  forming  a  baae,  and  4 
placed  perpendicularly  over  them,  may  produce  a  cube;  so  likewiao  may 
3  layers  of  spheres,  each  conUiining  9,  arranged  in  a  square.  Two  or  4 
Buch  layers  would  give  a  flattened  or  elongated  square  prism;  2  op 
Dioro  rectangular  layers  of  ft,  8,  12,  or  more  spheres,  placed  one  above  tho 
otherj  might  produce  a  rectangular  prism;  f*  or  16  spheres  arranged  on  n 
plane  in  the  form  of  a  rhorabuSj  and  3  or  4  such  layers  one  above  an- 
other, won  111  form  a  rhombohcdrou;  3  spheres  below  and  1  above,  or  6  at 
the  bottom,  3  above  them,  and  1  tjt  the  top,  a  tetrahedron;  3  spheres 
below  and  3  above,  a  triangular  prism,  and  po  on,  These  cryi>talline 
molecules,  formed  at  the  earliest  stage  of  crystallization^  afterwards  unite 
theni!*(tlve5,  by  attracting  caeh  other  chiefly  at  their  eurfaces,  into  larger 
crystalline  masses,  separable  in  the  ilirections  according  to  which  the 
janction  ha.s  taken  place^ — and  thus  phinea  of  cleavage  are  determined. 
It  is  true  that  this  theory  leaves  it  at  present  unexplained,  why  tbe 
splieres  should,  according  to  the  nature  of  the  bodies  to  which  they  belong, 
unite  themselves  in  different  numbers  and  at  diiferent  angles,  whose  mag- 
nitude is  constant  in  each  particular  substancc^ — -and  that  thus  sometimes 
one  crvstalline  molecule,  sometimes  another,  should  be  formed.  But,  on 
the  other  hand*  it  gives  the  best  explanation  of  dimorphiam  and  amor^ 
jdnsnu  When  from  viscosity  in  the  liquid,  or  a  too  rapid  paflsago  from 
the  fJuid  to  the  solid  state,  tho  atoms  cannot  first  unite  themselves  in 
crj'^atallino  raolecules  in  the  manner  just  described,  they  all  remain  at 
ef^nal  distances  from  each  other;  consequently  neither  regular  cleavage 
nor  crystalline  form  can  exist;  that  is  to  say,  the  body  h  in  the  amor* 
phoua  state.  Dimorj^hism  arises  when  the  atoms,  aeconling  to  tcmpera- 
tnre  or  other  circumstances,  unite  themselves  in  different  numbers  and  at 
different  angles,  into  crystalline  moleculeg  of  different  forms,  which,  there- 
fore, by  their  approximation,  must  produce  crystals  of  different  shape  and 
cleavage.  The  compound  atoms  of  compounds  are  aggregates  of  two  or 
more  a|»heres,  and  are  capable  of  uniting  to  form  crystalline  molecules  in 
the  same  manner  a^  simple  atoms. 

With  respect  to  ponderable  fluids^  it  is  supposed,  according  to  tho 
atomic  theoiy,  that  each  individual  atom  (whatever  may  be  its  form)  la 
aiUTOunded  by  a  ibphero  of  heat,  which  takes  up  but  a  small  space  in 
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liquids,  bat  so  lar^e  a  space  in  ga?os  tliat  Ibe  volume  of  iLe  atoms  is 
utterly  insignificant  in  comparison  with  that  of  the  calorific  envelopes. 
This  greater  and  more  nnifomi  separation  of  the  atoms  by  the  calorific 
envelopes  is  suppoised  to  account  for  the  mobility  of  fluids.  In  different 
elastic  flaid>*  the  calorific  envelopes  have  difterent  volumes :  if  the 
Tolume  of  the  envelope  surrounding  an  atom  of  sulphur  =.  1,  the  cones- 
jmnding  volumes  in  the  other gasea  will  be  3, 6,  B,  12, 18  or  24  (p.  55 — 67). 
Of  the  correctness  of  the  atomic  theory,  the  following  proof  is  adduced 
by  Wolla-ston  (Attn,  Phil  20,  251;  Gilb.  72,  57),  If  matter  were 
10 finitely  divisible,  atmospheric  air  would  by  virtue  uf  it^  elasticity 
expand  into  infinite  space.  The  earth*8  atmosphere  could  not  therefore 
have  a  definite  limit,  but  muj?!  extend  itself  to  the  other  hwivenly  l>odie« 
and  furni  atmospheres  around  them,  the  density  of  which  would  1m?  pro- 
portional to  the  niiisa  and  attractive  power  of  these  bodies.  That  no 
atmosphere  is  observed  round  the  moon  might  perhaps  l>e  explaincti  by 
the  consideration  that  the  lunar  atmosidvere,  if  it  yxibted,  must,  on  account 
of  the  small  nia.ss  of  the  moon,  be  very  mre  and  therefore  imperceptible. 
But  it  may  be  astronomically  demonstnitcd  that  the  sun  and  Jupiter, 
whose  masses  are  much  larger  than  that  of  the  earth,  are  likewise  without 
atmospheres.  Hence  it  follows  that  the  air  is  not  infinitely  divisible,  but 
that  lis  atoms  existing  in  the  hitjher  regions  of  the  atmosphere  do  not 
separate  from  each  other  beyond  ihnt  point  at  which  their  mutual  repul- 
sion is  exactly  balanced  by  their  attraction  towards  the  earth.  Against 
this  it  uiav  perhaps  be  alleged  that  oven  stipjH»sing  the  air  to  l>e  infinitely 
divisible,  its  elasticity  must  at  length  be  so  much  diminished  by  decrease 
of  density  that  the  earth's  attraction  will  set  boundis  to  the  greater  expan- 
eion  which  a  further  removal  from  the  earth  would  involve.  Moreover, 
if  we  admit,  with  Poisson  and  Dnnuis,  that  the  uttermost  part^  of  the  air 
are,  on  account  of  the  extreme  cold  there  existingj  in  the  solid  or  litpiid 
state  and  surround  the  atmosphere  in  the  form  of  Buow-flakes  of  nitrogen 
and  oxygen — the  preceding  deuionstnition  will  appear  even  leas  satia- 
factory, 

6.  Clutmical  Combination, 

A  chemical  compound  is  produced,  when  ouc  or  more  atoms  of  one 
substance  arrange  themselves  in  the  most  symmetrical  manner  possible  by 
the  side  of  one  or  more  atoms  of  another  substance,  or  of  several  other 
substances,  and  thus  form  a  compound  atom.^ — f*tr  the  manner  in  which 
atoms  arrange  themselves  one  with  finothcr,  vid.  Gaudiu  {BtbL  nniv.  52, 
131). — Atoms  are  always  more  incliued  to  unite  in  simple  than  in  com- 
plex numbers,  and  the  more  intimate  compounds  of  the  inorganic  kingdom 
genomlly  exhibit  simple  numerical  proportions;  while  in  organic  com- 
pounds formed  under  the  influence  of  the  vital  force,  very  complicated 
prof»ortions  are  met  with.  Compound  atoms  again  unite  with  compound 
atonis  of  a  different  kind  to  form  compounds  of  the  second  order;  and  the 
com po nod  atoms  of  the  second  order  thus  formed,  by  combining  with 
others  of  the  same  order,  give  rise  to  compound  atoms  and  combinations 
of  the  third  order,  and  so  on.  The  mode  of  conceiving  the  formation  of 
the  less  intimate  compounds  of  variable  constitution,  f.  ff.  solutions  of 
acids,  aWtalis  or  salts  in  arbitrary  *juautities  of  water — wliother  in  such 
cases  these  hodics  first  form  compound  atoms  of  definite  constitution  by 
combining  with  a  small  quantity  of  water,  and  these  are  aftcrwaras 
surrounded  by  the  remain iiig  atoms  of  the  licpiid,  or  whether  the  mixture 
takes  place  in  some  other  wayj*--must  for  thi^  present  remain  undecided. 
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A  clicniical  combination  tliereforc  Is  a  mixture  continued  a.?  it  wcro  to 
tbc  extreme  of  iDtimacv;  in  a  riiixture  properly  wo  oalledj  wliole  masses 
of  atoms  of  the  one  body  are  laid  side  by  sidt?  with  those  of  tbo  other — 
and  tlicse  betero^^eneoua  masaes  can  be  distingnisbed  by  the  senses.  But 
in  cbomical  combination  the  individual  beterogeneoua  atoms  are  laid  side 
by  siile;  and  Kince  atomy^even  compound  ones — are  too  small  ta  be 
individually  discernible,  the  eye  perceives  only  Ibe  ma^os  formed  by  the 
bea.pinj^  together  of  these  atoms  by  virtue  of  cohesion,  and  hence  the 
chemical  coiii|ioiind  ft|>pcars  homogeneous.  Th&se  masses  may  indeed  bo 
separated  into  smaller  and  smaller  onea  by  meehanical  force,  but  their 
compound  atoms  are  not  thereby  resolved  into  simple  atoms;  only  the 
cohesion  is  overcome  wFiich  holds  together  the  coinpoimd  atomt*,  not  tho 
atlinrty  by  which  the  simple  atoms  are  united  into  compound  ones. 

With  re^mrd  to  the  innate  force  by  which  atoms  are  disposed  to 
combine^  three  hypotheses  hare  been  laid  down.  By  womo,  it  is  regarded 
as  the  .same  universal  force  of  attraction  which  under  different  circum- 
stances  exhibits  itself  as  gravitation,  cohesion,  and  adhesion;  by  others, 
OS  an  attractive  force  of  a  peculiar  nature;  by  others  again  as  electricity. 

First  I/t/pot/tcsis,  Chemical  combinations  are  produced  by  universal 
attraction* 

Although  Newton  was  the  first  who  regarded  chemical  combination 
as  the  re^nlt  of  an  attractive  force,  he  nevertheless  supposed  that  this 
force  was  ditfcrent  from  universal  attraction,  ami  that  it  diminished  ac- 
cording to  tbo  inverse  cube  of  the  dii<tance.  Buffon  was  the  fiist  to  con- 
feider  both  these  forces  us  identical.  Since  the  forc^  of  universal  attraction 
de|>ends  wholly  on  the  mass  of  the  attnu^ting  bodies  and  not  at  all  upon 
their  quality,  wdiile  in  chemical  combination  the  latter  is  of  the  utmost 
importance,  Buffon  endeavoured  to  explain  this  difference  by  supposing 
that  the  centres  of  gravity  of  the  atoms  of  heterogeneous  substances 
might,  in  consef|uetice  of  tlieir  difference  of  form,  approach  one  another 
within  different  distances — and  therefore,  since  the  force  of  gravitation 
varies  inversely  rts  the  Sf^uaro  of  the  distance*  the  attraction  l>etweeii 
such  bodies  would  vtiry  in  amount  with  tho  shape  of  their  atoms. — 
Ber^nnan  aiso  attributed  these  differences  between  the  action  of  gravita- 
tion and  that  of  afhnity  to  the  ditfe rent  forms  of  the  atoms  and  likewii^e  to 
their  relative  position.  — Guyton'Morvcau  perceived  that  to  explain  tho 
great  difference  in  the  strength  of  aflinily  depending  mi  the  nature  of  tho 
boilies  concerned,  on  tho  hypothesis  of  a  difference  of  form  in  their  atoms, 
wjts  mathematically  impot?sibloi  but  he  was  nevertheless  inclined — since, 
according  to  his  view,  strength  of  adhesion  and  strength  of  affinity  follow 
the  same  law&^to  regard  affinity  as  a  particular  manifestation  of  tho 
gravitation  of  the  atoms,  and  to  hope  that  the  peculiar  characterijitic«»  of 
attinity  would  bo  explained  by  the  discovery  of  new  facts. 

liertholhCs  Thtury,  Universal  attraction  is  probably  the  cause  of 
chemical  combination.  It^  action  in  this  respect  exliibits  |>eculiar  charac- 
ters, because  it  is  exerted,  not  on  masses,  but  on  molecules  placed  at 
extremely  small  distances  from  each  other,  and  differing  in  form,  cohesion 
and  elasticity.  AH  bodies  have  affinity  for  all  others:  but  the  afUnity  is 
tiot  always  manifested,  because  other  forces,  such  as  gravitation,  cohesion 
and  elasticity  overcome  it  (jk  .*15;i). 

Two  bullies  are,  by  virtue  (if  their  afliuity,  essentially  capable  of  uniting 
in  all  proportions;  the  exceptions  to  this  law  are  to  be  attributed  to  tho 
cohesion  and  elasticity,  partly  of  the  simple  substances  themselves,  partly 
of  tho  comiK)und.     Thus,  water  dissolves  only  a  certain  t|uantity  of  salt, 
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becaaso  the  eoHot^ton  of  tlio  salt  ultimate] j  balancos  tlio  affinity :  similarly, 
tbo  elasticity  of  a  gas  prereiits  its  absorption  by  water  beyond  a  certain 
limit,  and  tbo  elasticity  of  oxygen  gas  causes  metals  to  combine  with  only 
a  iiefinito  qnantity  of  oxygen.  Moreover,  if  a  combination  in  certain 
definite  proportions,  f.  g.  thkt  of  76*6  baryta  and  40  eulpUunc  acid  pos- 
■esses  very  great  ooheaion,  it  separates  from  the  state  of  solution  in  water, 
becomes  thereby  removed  from  the  sphere  of  chemical  actioD)  and  con{^> 
quently  takes  up  no  more  of  the  excess  of  baiyta  or  sulphuric  acid  whick 
may  perhaps  exist  in  the  liquid.  For  a  similar  reason,  hydrogen  and 
oxygen  combine  only  in  the  proportion  which  forms  the  most  coherent 
compound,  viz.  water;  (the  more  coherent  peroxide  of  hydrogen  was  not 
known  at  that  time).  Tbis  Btate  of  greatest  cohesion  corresponds,  ia 
most  combinations  of  acids  and  bases,  with  the  propcjrtion  which  producea 
tbo  most  complete  neutralization  :  but  in  compounds  of  the  more  cohe- 
rent substance/^  oxalic  acid  and  tartaric  acid  with  ammonia,  })otash,  and 
soda,  it  is  found  in  the  actd  salt. 

The  smaller  the  quantity  which  any  substance  requires  of  another  to 
produce   neu  trail  nation,    the   greater    is    their    uatuml  affinity  (p,  142). 
Since,  for  example,  according  to  the   later  more  exact  determinations, 
47 '2   parts  of  potash   require   40  of  sulphuric  and  .14  of  nitric  acid  to 
neutralize  them,  the  atlinities  nf  Buliihuric  and  nitric  acid  for  potash  are 
to  one  another  as  54  :  40.     But  in  the  chemical  actions  of  bodies,  not 
only  their  force  of  affinity,   but  also  their  quantity  mast  be  taken  into 
account.     If  we  assume,  according  to  what  precedes^  that  the  affinity  of 
a  molecule  of  potash  for  a  molecule  of  sulphuric  acid  amounts  to  54,  and 
for  a  molecule  of  nitric  acid  to  40,  and  suppose  that  I  molecule  of  sul* 
phuric  acid  and  3  moleculeiij  of  nitric  acid  act  simultaneouaily  on  1  mole^ 
culo  of  ptitash, — the  force  with  which  the  sulphuric  acid  tends  to  Uy 
bold  of  the  pota><li  will  be  1  .  54,  and  that  exerted  by  the  nitric  acid 
3,40  =  120.     This  product  of  the  force  of  affinity  into  the  quantity  of. 
tlie  acting  Bukstanco  is  called  by  BerthoUet  the  Chernical  Mau.     HencvJ 
tbe  chemical  force  of  a  body  increases  in  direct  proportion  to  its  quantity; 
and  a  substance  poaseasing  but  small  affinity  may,  when  its  quantity  iaj 
in  exoesfli  exort  a  stronger  attmetion  on  a  third  body  than  other  suIh] 
stances  possessing  Intrin^^ieally  greater  affinity  but  present  in  smaller' 
quantity. 

When  a  body  A  comes  in  contact  with  two  bodies  B  and  C,  both  of 
which  tend  to  combine  with  A»  it  does  not  combine  exclusively  with  that 
one  for  which  it  has  the  greater  affirnty,  not  even  when  the  quantity  of 
the  latter  is  sufficient  for  the  complete  saturation  of  A  ;  neither  doc*  it 
combine  excluBivcly  with  tbe  one  which  acts  with  the  greater  chemical 
luass,  but  divides  itself  between  tlie  two  in  the  proportion  of  their  che- 
mical masses.  If,  according  to  the  preceding  example,  1  nudcciilo  of 
sulphuric  acid  and  3  of  nitric  acid  act  on  I  of  potai?h,  the  chemical  nuu«s 
of  tlie  sulphuric  acid  being  1 .  54  and  that  of  the  nitric  acid  3  .  40  ^  1 20, 
X^  of  the  quantity  of  potash  present  combines  with  tlie  enlphuric  acid, 
and  l^f  with  the  nitric. 

Til  is  law — that  a  body  divides  itself  between  two  others  which  ar« 
endeavouring  to  lay  hold  of  it,  in  the  p^ro]l0^^io^  of  their  chemical  ma 
— \h  sulijert  to  cxcf^ptinuf^,  *>nly  wheiiin  sufh  eijir(1i«?ts  of  aflinity^  a  chang 
in  the  *tate  of  aggregation  of  one  of  the  acting  bodies  or  one  of  the  coin- 
pounfhM,  18  jiroduced  by  cohcpiun  or  elasticity,  and  these  bodies  are  thus 
renK>vcd  from  tbe  Hphofo  of  cliemiritl  action.  In  such  eu^cr*  A  may 
combine  exclusively  with  B  or  C*     Hence  arise  the  four  following  cases. 
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1.  TIj©  colieeion  of  B  offect^  its  complete  separation;  €,  g,  Whcii 
amtnouia  is  aiklcd  to  an  aciueous  soliiti(»u  of  sulphate  of  alnniiiiMj  the 
sulplmric  atici  at  first  divitlea  itself  between  the  two  bases  in  the  ratio  of 
their  chemical  masses;  but  since  the  alumina  is  thiiH  deprived  of  »  portioa 
of  its  snlphuric  acid,  aod  the  renmindor  is  not  suificient  to  hold  all  tha 
alumina  in  eolutiou,  a  portion  of  it  is  precipitated  and  tliiLs  removed  from 
the  sphere  of  chemical  actions  now  since  by  this  precipitationj  the  tjuan- 
tity  of  alumioa  contained  in  tbe  Bolutieii,  and  therefore  also  its  cheiivical 
maasj  Is  diniinishedt  the  ammonia  itt  enabled  to  rob  it  of  another  portion 
of  sulphuric  acid,  thereby  precipitating  more  alumina^  diminishing  the 
chemical  mass  of  that  which  roniains  di^fsolved,  again  reniovio^  sulphurio 
acidj  and  so  on, — till  at  length  it  appropriates  all  the  acid  and  throws 
down  the  whole  of  the  alumina.  These  succeBsiye  deeompositiena  follow 
each  other  so  tpicklyj  that  the  whole  action  aeems  to  take  place  in  a 
moment* 

2.  The  ola.^ticity  of  B  effocta  its  complete  separation ;  e.  g.  When 
bydrochlerie  acid  is  added  to  a  solntion  of  carbonate  of  potash  in  water, 
the  potiL^fli  at  first  divides  itself  between  the  two  acids:  the  compound 
thus  formed  of  part  of  tlie  potash  with  the  whole  of  the  c^arbonic  acid 
allows  however  a  part  of  the  carbonic  acid,  now  less  intimately  combined, 
to  e8c«pe  as  ^as  and  tlias  to  remove  itself  from  the  sphere  of  action;  the 
chemical  niasj?  of  the  carbonic  acid  in  the  solution  being  thos  diminished, 
tbo  hydrochlnric  aotfl  takes  from  it  a  fresh  portion  of  potash,  and  sets  free 
another  portion  of  carbonic  acid — and  thus  the  action  is  repeated,  as  in 
the  former  case,  till  the  whole  of  the  potash  has  combined  with  the 
bydrocbloric  acid,  and  tbe  wbolo  of  the  carbonic  acid  has  escaped, 

3.  The  cohesion  of  A  C  effects  the  complete  separation  of  B ;  e.  g^ 
If  baryta  dis?selved  in  water  be  brought  in  contact  with  a  miitture  of 
salp!mric  and  nitric  acids,  in  eiicb  proportion  that  for  every  molecule  of 
baryta  present  there  shall  be  1  molecule  of  snlphnrio  and  3  of  nitric  acid, 
the  baryta  will  at  the  commencement  bo  divided  between  tlie  two  acids 
in  the  same  proportion  a«  tb©  |>otaab  in  the  example  above  given.  But 
potixsh  forms  with  botb  the  acids  eolable  salts,  wnicb  therefore  remain 
mixed;  whereas  tbe  compound  of  baryta  with  a  certain  *|nantity  of  sul- 
phuric acid  is  insoluble,  falls  down,  and  is  removed  from  tbe  sphere  of 
action.  The  solution  now  con  tain  3,  besides  the  combination  of  baryta 
with  nitric  acid,  the  excess  of  sulphuric  acid  which  the  precipitated  sul- 
phate of  baryta  wa«(  unable  to  take  np.  This  free  enlphuric  acid  takes 
from  the  nitric  acid,  in  proportion  to  its  chemical  mass,  a  new  quantity 
of  baryta,  wbicb  however  is  precipitated  in  combination  with  the  pro- 
portional quantity  of  sulphuric  acid;  this  nets  free  another  portion  of 
sulphuric  acid,  which  a^ain  takes  baryta  from  the  nitric  acid;  and  this 
repeated  abstniction  and  precipitation  goes  on  till  all  the  baryta  is  thrown 
down  in  the  form  of  sulpliate  and  all  the  nitric  acid  is  set  free.  In  ac* 
cfirdanco  with  this  explanation,  Berthollet  supposes  that  on  bringing 
together  two  salts,  whose  acids  ajs  well  as  bases  are  ditlerent,  four  salts  are 
alw^ays  produced  :  tliuj^  nitrate  of  potash  and  sulphate  of  soda  in  solution 
produce  a  mixture  which  still  contains  a  portion  of  these  salts  in  the 
undecompofied  .-r'tate,  together  with  sulphate  of  pot:!i>?h  and  nitrate  of  eo^la. 
In  general  therefore  four  ^alts  are  obtained:  but  if  one  of  tbe  two  new  salts 
is  insoluble  and  fcparates  itself  from  the  sphere  of  action,  the  undecom- 
poeed  salts  yet  remaining  in  solution  produce,  in  consequence  of  the  equal 
oivisiou  of  their  elements,  a  new  quantity  of  the  insoluble  «ilt;  but  as 
tkiB  always  falls  down,  the  decomposition  goes  on  till  the  two  original 
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salts  arc  completely  ^oeomposcd ; — e.  ^.,  nitrate  of  baryta  and  sulphate 
of  soda. 

4.  The  elasticity  of  AC  effects  tlie  conijdete  separatioo  of  B;  tf.  *;. 
Whon  peroxide  of  inm  is  heated  to  reduce  with  charcoal,  the  oxygen 
ou^ht  to  divide  itself  between  the  iron  and  the  carbon  in  proportion  to 
their  chemical  nuissee.  But  *.iece  ilio  oxygen  which  comhines  with  the 
carbon  fonns  carbonic  oxide,  which  eacaivesa^  ^'asand  so  becomes  removed 
from  the  apbere  of  action,  the  remaining  earlnjn  continues  to  withdraw 
oxygen  from  the  iron,  till  the  latter  is  completely  reduced  to  the  metallic 
state, 

lievimu  nf  BertlioneCs  Theort/,—1.  Thia  theory  doea  not  eatablisb  the 
identity  between  afEnity  and  universal  attraction.  Berthollet  himsel 
supposes  tliat  diflerent  bodies  have  very  diflerent  det^rees  of  affinity  for 
one  another,  without  specifying  to  what  extent  the  in<lividual  qualities 
of  the  molecules  may  exert  a  peculiar  influence  ou  their  mutual  gravita- 
tion and  thus  modify  the  laws  uf  universal  attraction. 

2.  Unacquainted  with  our  present  system  of  sto'fcbioraetry*  Berthollet 
supposed  that  two  bodies  can  combine  in  any  proportions  whatever,  and 
endeavoured  to  explain  the  fact  that  combination  generally  takes  [dace 
in  a  few  definite  proportions  only,  by  assuming  that  precisely  Mheu 
those  proportiouiji  hold  good,  the  compound  possesses  the  greatest  density, 
cohesion,  or  ela'^ticity.  But  why  does  chlorine  gas  combine  with  hydrogen 
gas  in  one  proportion  only,  and  then  without  any  condensation  or  expan- 
sion produce  hydrochlorie  acid  gas  ] 

3.  It  is  true  that  the  quantity  of  a  substance  exerts  some  infiucuco  on 
its  manifestations  of  affinity  (p.  125);  but  unless  adhesion  also  comes  into 
play,  this  influence  is  not  exerted  by  any  quantity  beyond  that  which  is 
still  capable  of  entering  into  combination.  For  example,  ^^ince  one  atom  of 
oxygen  cannot  comliinc  with  more  than  one  atom  of  carlnm,  100  atoms  of 
carbon  will  have  no  more  effect  on  the  conibiiiatiou  of  any  suhstauce  with 
one  atom  of  oxygen  than  a  single  atom  of  carbon  would ;  if  this  one  atom 
cannot  abstract  the  oxygen,  neither  will  100  atoms  do  it* 

4.  Berthollet's  theory — thitt  a  body  A  divides  itself  between  the 
bodies  B  and  C  in  the  proportion  of  their  chemical  masses — has  an  appear- 
ance of  truth  in  those  cases  only  in  which  the  substances  which  act  upon 
each  otiier  are  contained  in  a  liquid  in  which  butli  tliey  and  their  pus- 
Bible  compounds  are  soluble;  because  in  such  cases  it  cannot  for  tho  must 
part  be  directly  shown  what  compounds  arc  contained  in  the  liquid, 
whether  A  C  and  B  according  to  the  ordinary  view,  or  A  B  and  A  C 
according  to  Berthollet  a.  But  in  some  cases  even  of  this  kind,  the  in- 
correctness of  Berthollct*a  theory  may  he  distinctly  shown.  Boraeic 
acid  colours  litmus  wine-red,  sulphuric  acid  turns  it  Imglit  red.  Now  if 
sulphuric  acid  he  gradually  added  to  a  warm  solution  of  borate  of  soda 
in  water  which  has  heen  coloured  blue  with  litmus,  llic  liquid  at  first 
remains  blue,  because  a  combination  of  soda  with  excess  of  boraeic  acid  is 
produced;  on  the  addition  of  more  sulphuric  acid,  boraeic  acid  is  i?et  free, 
and  colours  the  liqni«l  wine-red j  and  not  till  all  the  soda  has  entered  into 
combination  with  the  sulphuric  acid  does  a  further  aildition  of  that  acid 
give  the  liquid  a  bright  red  colour;  but  if  sulphuric  acid  were  present  at 
the  commencement  (*f  the  actii-tn  either  in  the  frt^e  stafo  or  comldned  with 
sulphate  of  soda  in  the  form  of  iin  acid  salt,  tlie  luight  red  colour  would 
appear  at  once.  (Gay-Luesac,  Ann.  Ohtm.  Phps.  40,  323;  also  Poffg.  25, 
(»1J>.)  From  the  same  cause,  a  solution  of  sulphate  of  potash  or  soda  to 
which  boraeic  acid  bajtj  been  added  colours  litmus  only  wine-red;  but  the 
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addition  ryf -^^-^  of  .^nlpliuric  acid  imnjedifitclj  produces  the  bright  red 
tint.  (Duhail.  /.  Fhai*m.  18,  425).  Hence  boracic  aoid  docs  not  take 
Boda  from  sulphuric  acid  or  get  that  acid  free.  Hydrosiilphuric  acid  and 
carbonic  acid  exhibit  .siiniliir  relations  towards snlpliuric  acid.  (Dnmaif.) — 
Tincture  of  Htmos  is  instantly  bleaelied  by  chlorine  water,  but  not  till  after 
sevcrtU  days  by  a4Ucous  solution  of  iodine:  now,  a  solution  of  chloride  of 
sodium  mixed  with  iodine  should,  according  to  Berthollet,  produce  a  mix- 
ture cofitainiDg  chloride  of  sodium  with  exceaa  of  chlorincj  and  iodide  of 
sodium  with  excess  of  iodine.  But  the  orange-yellow  mixture  colours 
litmus  green  (from  the  yellow  of  the  sohition  and  the  blue  of  the  tincture): 
and  a  very  gmall  quantity  of  chlorine  water  immediately  clianges  this  green 
coloar  into  the  orange-yellow  of  the  so  hit  ion  of  iodine:  this  eh  owe  that 
no  chlorine  bad  been  set  free  by  the  ioiline.  (Bubail;  Gm.)— Phosphate  of 
peroxide  of  iron  is  soluble  iu  bydrocbloric  acid,  but  not  in  acetic  acid. 
From  \\m  solution  in  hydrochloric  acid  it  is  completely  precipitated  by 
acetate  of  potash.  Now  if  tbo  potai^b  bad  been  dividcvl  betwetui  the 
hydrcicbloric  and  acetic  acids,  part  of  the  hydrochloric  acid  wonld  have 
renniined  free,  and  would  have  held  some  of  tlie  phosphate  <»f  iron  in  solu- 
tion. (Oay-Lussac  a.  a,  0;  also  Ann.  C'him,  Fkf/s.  70,  41G. — -Compare 
also  Persoz.  Chlm.  moletnil.  346.) — The  experiments  of  Soubciran  and  O. 
Henry  (/.  Pkann,  11,  430,  also  Mitff.  Fkarm.  15,  44,  also  J^.  Tk  12,  1^ 
2UG)  do  not  prove  much  in  favour  of  Berthol let's  views. 

Other  ob|ections  to  Berthollet's  theory  of  distribution  may  be  deduced 
from  the  following  facts.  Oxalate  of  lead  digested  with  water  and  aa 
much  sulphuric  acid  as  is  necessary  to  saturate  the  oxide  of  lead,  is  com- 
pletely resolved  into  sulphate  of  lead  and  free  oxalic  acid.  (Pfaft",  Atm* 
Cfiim.  77,  266):  Dcrtbol let's  remarks  mi  this  exneriment  {Ann.  Ckini,  77, 
28Sy)  are  not  satisfactory. — Hypcriodate  of  lead  digested  with  water  and 
a  quantity  of  siilpliuric  acid  somewhat  less  than  that  recpiired  to  take  up 
all  the  oxide  of  lead,  yields  a  .solution  of  by  periodic  acid  free  from  buJ- 
lihuric  acid  and  from  byperiodato  of  lead.  (Bcnckiser.  Ann,  Phm^i,  17, 
2.57.) — Chloride  of  silver  mixed  with  water  is  easily  converted  by  iron 
into  metallic  silver  and  chloride  of  iron,  the  latter  remaining  in  sulutioti. 
According  to  Bertbollet  the  contrary  result  should  be  i>ro<luced^  siuee  iron 
is  more  coherent  than  silver,  and  cbbirido  of  silver  is  insfoluble  iu  water, 
while  chloride  of  iron  is  soluble.  Those  last  experiments  likewise  show 
that  insoluble  substances,  such  as  oxalate  of  lead,  chloride  of  silver,  <fec., 
are  by  no  means  removed  from  tbo  sphere  of  rhemical  actiim. — Similarly 
Gay-Lussac  hasi  shown  {Avn,  Chim.  89,  21)  that  a  metallic  oxide  inso- 
luble iu  water  may  complotcly  precipitate  another  from  its  solution  in  acids 
{t.  y,,  oxide  of  zinc  may  precipitate  oxide  of  silver),  provided  it  be  added 
iu  sutHcient  (juantity  to  saturate  the  acid. — 3  atoms  of  iron  fused  with  one 
atom  of  tersulpbnret  c»f  antimony  completely  separate  t!ie  antimony  from 
the  sulplpur,  though  no  solid  or  gjuseoua  compound  is  formed,  the  melted 
«ulphuret  of  iron  lying  in  a  stratum  above  the  melted  antimony. 

It  has  also  been  shown  (pa;re  130)  that  hydrochloric  acid  decompoaeg 
carbonate  of  lime,  and  forms  witb  the  lime  a  perfectly  neutral  sohition, 
even  under  a  pressure  sufficient  to  lj«|uefy  carbonic  acid.  Now  since  the 
hydrochlorate  of  lime  is  soluble  and  the  carbonate  insoluble,  the  contrary 
effect  ought  to  be  proilnced,  according  to  Bertbollet,  as  »oon  as  the  escajMs 
of  carbonic  acid  is  prevented.  In  a  similar  manner,  hydrochloric  acid 
decomposes  sulphite  of  lime,  akbough  that  salt  is  nearly  insoluble,  and 
sulphurous  acid  has  loss  elasticity  than  Lydrochloric  acid,  inasmuch  as  it 
IS  liquefied  by  smaller  pressure, 
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To  Bertliollet  must  Lo  conceded  the  gr<?at  TJicrit  of  having  closely^ 
8cnitiiilze<l  the  theory  of  nUiiHty,  oxamined  it  in  a  new  light,  and  direot^^ 
attention  to  the  inQuonce  exerted  by  cohesion  and  elasticity  on  the  mani- 
festations of  affinity.  But  Ue  laid  too  little  tfirens  on  the  magnitude  of 
afHnity,  and  too  much  on  the  <|uantity  in  which  eubstances  iiet,  and  on  the 
influence  of  cohesion  and  ela.'jticity»  lie  erroneously  supposed  thai  a  body 
which  separates  in  the  eolid  stato  is  removed  from  the  sphere  of  action, 
that  bodies  are  capable  of  eo  ml  lining  in  all  proportions^  and  that  a  gubi^tanco 
diyides  itself  between  two  othersi  in  the  proportion  of  their  chemical  masfles. 

Sec</nd  Ui/pothetis,  Chemical  combinations  are  produced  by  a  peculiar 
power,  called  Affinity, ditlerent  from  universal  attraction* 

So  long  aa  it  is  assumed  that  universal  attraction,  as  manifeated  ia 
gravitationj  acta  only  in  proportion  to  the  mass,  and  that  the  pecnliar 
nature  of  a  substance  ba"^  no  influence  on  its  amount, — it  isdiflicnlt  to  refer 
the  manifcstationa  of  cohesion  and  flAlhcsion,  and  imposaible  to  attnbut 
those  of  ntHuity,  to  its  action,  lu  chemical  phenomena,  the  quality  of 
substance  abore  all  things  determines  the  existence  and  strength  of  the 
attnictiont  and  its  influence  cannot  bo  replaced  by  that  of  quantity. 
Mottjover^  a  high  det/ree  of  atRnity  must  be  ascribed  to  the  impondcrablo 
bodies,  which  are  not  subject  to  the  laws  of  gravitation.  So  long  there- 
foro  *'is  it  shall  remain  nndomon^t rated  that  gravitation  is  influenced  by 
quality  of  mat  ten  and  that  the  hitherto  so-called  Imponderables  poaaeaa 
weight, — or  else  that  the  phenomena  liitherto  attributed  to  the  altinities 
of  these  bodies  are  reaHy  cine  to  other  ciinses — so  long  will  it  be  most 
advisable  (as  indeed  most  chemists  at  least  tacitly  do)  to  regard  alflnity 
as  a  peculiar  power  distinct  from  all  others. 

Third  Hifpotkems.  Tiie  union  of  heterogeneous  atoms  ii  the  result  of 
Electrical  Attraction*    {Electrodiemical  TheorieM)^ 

In  some  of  theese  theories  a  common  fundamental  power  is  assumed 
which  shows  itself,  sometimes  as  electrical,  sometimes  as  chemical  force; 
in  others  the  combination  a  of  ponderable  substances,  uninfluenced  by  any 
affinity  of  their  own,  are  aupposod  to  arise  merely  from  the  mutual 
attniotion  <tf  the  two  electricities  attached  to  their  atoms,  which  attrac- 
tion is  itself  regarded  ns  a  kind  of  aflinity. 

To  the  list  of  electro-chemicul  theories  belong  those  of  Winterl 
(iV.  GrhL  G,  1  and  201);— of  Sir  H,  Davy  {N.  GehL  5,  41,  nlso  El^m.  of 
the  Chemical  Pfirt  of  Nat,  PhiL);—o{  Unmas  {PhiL  of  ChenL  p.  36D), 
farther  developeil  and  contested  by  Grotthiiss  {Phifs.  Ohem,  InvedigcUionif 
1,  44); — of  Ampt^re  (Poffa.  2,  18.'*);— of  Becqucrel  (A7m.  Ckirn.  Ph^s.  24, 
192);~of  Ferre  {Awn.  Chim,  Pht/s.  2S,  417); — of  Schweigger  (Sckw.  5, 
49;  G,  250;  7,  302  and  515;  8,  307;  11,  54.  330  and  435;  14,  510;  25, 
158;  3{),  214;  40,  9;  44,  70;  52,  G7);— and  of  Fechncr  (Sc^iw.  52,  27). 

The  electro-chemical  theory  of  Berzelius  demands,  m  the  fullest  and 
most  consecutive,  a  more  detailed  explanation- — Compounds  usuallv 
called  chemical  are  divided  into  two  classes.  The  kss  ititimate  whoso 
formation  is  attended  with  lowering  of  tomporaturc — e.  ff,  solutions  of 
suits  in  water — must  bo  regarded  {since  all  solid  l>odiea  are  not  soluble  in 
water)  as  resulting  from  a  specific  attraction  {comp.  page  34  1,  2);  the 
atoms  of  the  solid  body  ditfuse  themselves  through  the  liquid,  till  each 
atom  is  surrounded  by  nn  efjual  nuiiilter  of  atoms  of  the  liquid. — The  mom 
inliviate  compounds  are  the  really  chcmiral  or  clcctro-cliomirul  combina- 
tions* These  result,  not  from  any  mutual  affinity  between  their  ponderable 
elements,  but  from  that  of  the  electricities  attached  to  their  atoms.  The 
atom  of  each  substance  has  two  poles,  on  which  the  two  opposite  olectrioities 
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are  accumulated  iu  dificront  proportions,  according  to  tUo  naturo  of  tho 
btidies.  The  atom  of  many  Docliea,  oxygen  for  instance,  lias  a  largo 
qiiautity  of  negativo  olectrit-ity  attached  to  ono  of  it«  poles,  and  but  a  very 
8111  all  quantity  of  po!^itivc5  vieetricity  at  tbo  otberi  that  of  other  IwUoi^ 
potaesiutii  for  exiiniple,  liaa  a  liirgo  quantity  of  poaitivo  oloctricity  at  ouo 
pole  and  very  little  negative  eloctricity  at  the  other.  Thua  the  cleioenlary 
vubstimces  are  dividod  into  ehciro-negative  and  elect ro-posUiee.  To  eacli 
element  however  there  belongs  a  partieuhir  |iroj)ortion  between  tho 
quantitios  of  tho  two  electricities.  Oxygen  has,  of  all  tho  electro- 
netgativo  cleiaent.%  the  greatest  quantity  of  negative  electricity  at  one  of 
]t«  poles  and  the  gmalleat  quantity  of  positive  electricity  at  the  other — 
then  follows  sulphur,  then  nitrogen,  &e.,  and  lastly  hydrogen,  in  which 
the  quantities  of  the  two  electricities  are  nearly  equal*  Of  all  eleetro- 
posilive  substances,  potassium  has  the  largest  quautity  of  jK)sitive  and  tho 
jBHiallost  of  negative  electricity;  and  this  inequality  continually  diminishes 
in  other  bodicHj  till  we  cotne  to  gold,  in  which  the  positire  eloetrieity  pro- 
do  ini  nates  but  little  over  the  negative — so  that  this  element  oceupica  tho 
next  pitjco  to  hydrogen.  According  to  this,  tho  elements  succood  one 
anotlier  in  the  electro-chemical  eeries  of  BerzeliuB  ae  follows,  beginning 
with  the  electro-negative. 

EkctrQ-najatme:  0,  S,  N,  F,  CI,  Br,  I,  So,  P,  As,  Cr,  V,  Mo,  W,  B, 
C,  Sb,  Te,  Ta,  Ti,  Si,  H. 

Eleeiro'poskive:  Au,  Qs,  Ir,  Ft,  Hh,  Pd,  Hg,  Ag,  Cu,  U,  Bi,  Sn,  PI*, 
Cd.  CV  Ni,  Fe,  Zm  Mn,  Ce,  Th,  Zr,  Al,  V,  G,  Rig,  Ca,  Sr,  Ba,  L,  Na,  K. 

Iu  tho  combination  of  an  olectro-negative  with  au  electro-positive 
boily,  the  predomiuaat  negatiye  electricity  of  the  former  unitea  with  tho 
prcdoniinant  positive  electricity  of  the  latter.  Before,  however,  combi- 
nation takes  place,  the  former  substance  exhibits  negative,  and  the  iatter 
fio^itive  electricity  in  the  free  state;  and  the  tenj*ion  of  the  two  electrici- 
ties continuully  inereases  as  the  bodies  approach  tho  temperature  at  which 
combinatiou  takes  jilace.  Hence  we  have  an  explanation  of  tlectncity  % 
tontacf.  At  the  instant  of  combination,  tho  negative  poles  of  the  atoms 
of  the  first  body  turn  themflelyes  towards  the  positive  |»olea  of  those  of 
the  serond;  and  sine©  it  is  only  in  tho  fluid  state  that  tho  atoms  possosg 
the  mobility  necessary  for  this  arrangement,  it  foUowa  that  solid  bodioe 
have,  generally  speaking,  no  chemicai  acti*:>n  on  one  another,  Tho  two 
electricities  of  these  poles  now  combine  and  produce  heat  or  fire,  whore- 
npoD  they  disappear.  In  every  chemieal  combination,  thcreffjrc^,  a  nou- 
tmlization  of  the  opposite  electricities  takes  place,  by  which  heat  or  firo 
is  produced  in  tho  same  manner  as  in  the  diseliarge  of  the  eleetricol  pile 
or  of  lightning,  excepting  that  these  last-mentioned  pbenomeua  are  not 
aci^ompanitnl  by  any  chemical  conihi nation,  at  least  of  ponderable  bodies. 
Every  chemical  combination  is  therefore  an  electrical  phenomenou 
de]^»ending  on  the  electrical  polarity  of  the  atoms* 

Since  tho  electrical  serie?^  does  not  accord  with  tho  order  of  utlinity— 
since  for  example,  the  highly  electro-negativo  substance  oxygen  haa, 
mccordiDg  to  experiment^  less  tendency  to  com  hi  no  with  the  clectro-posltivo 
body  gold  than  with  sulphur  which  stands  next  to  oxygen  in  the  electrical 
series — Berzclius  supposes  that,  although  in  the  atom  of  gold  the  positivo 
eleetrlcity  of  tlie  one  j»oln  i^  of  greater  amount  than  the  negative  electrity 
of  tlie  other,  ncverthcle.s'i  tho  absolute  quantity  of  positive  electricity 
existing  at  one  pole  of  the  atom  of  gohl  is  less  thuu  that  which  is  present 
at  one  polo  of  tho  atom  of  sulphur, — tho  latter  containing  however  » 
much  groater  quantity  of  negative  oloctricity  at  it«  other  polo  than  tho 
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I^kl-atom  i>o«M>itsc8.  Suppose  for  instaDce  that  the  quantity  of  negative 
eWtrioity  at  one  iHile  of  the  gold-atom  r=  1,  of  the  positive  electricity  at 
tho  other  =  2,  of  the  negative  at  one  pole  of  the  sulphur-atom  =  12, 
Hn«l  that  of  tho  positive  at  the  other  pole  =  4;  then  the  positive  electri- 
city will  preiloniinnto  in  tho  gold- atom  and  the  negative  in  the  sulphor, 
but  tho  (tulpliur  will  intssess  a  much  higher  degree  of  elf ctrical  polariza- 
tion than  tho  ^Id;  the  positive  electricity  accumulated  at  its  positive 
|Hdo  will  thori^foro  bo  able  to  neutralize  a  greater  quantity  of  negative 
i»UH'trioity  in  tho  oxygen  than  the  positive  electricity  of  the  gold;  hence 
tho  ifrtnitor  tendoncv  of  oxygen  to  combine  with  sulphur  than  with  gold. 

In  tho  tmmo  binfy,  tho  degree  of  electrical  jiolarisation, — ».  e.  the  abso- 
Ittto  quantity  of  tho  two  electricities  in  the  atomic  poles— -varies,  according 
to  Hor«\«Hu8l  with  tho  temperature,  and  is  geueially  increased  by  eleva- 
tion of  tom|H'niturt\  Many  bodies,  such  as  carbon,  which  appear  to 
havo  but  very  weak  |Hdari;!iati<m  at  common  temperatures,  often  become 
highly  |Htbiri«(Hl  at  a  red  heat, — hence  their  combination  with  oxygen  at 
timt  tem|H«ratim\  Many  substances*,  on  the  contrary,  such  as  gold, 
whieh  have  ahi>f^'ther  but  weak  jwlarization,  frequently  show  it  in  a 
ffi^siler  de^rrtv  at  low  than  at  high  temperatures,  at  which  indeed  it  often 
ai«aptHHir«  entirely. 

KKvtr\>  noifutiVo  Knlies  in  combination  with  oxygen  generally  form 
^^Uvtrx*  necitivo  ivm|H>undi!:  «r.  */.  sulphur  produces  sulphuric  acid;  elec- 
ta* iHv^itivo  HulvNiauw*  give  elect nvposit ire  compounds;  e.^,  potassium 

'Iho  d*sv«HKV4itivm  of  a  compound  produced  bv  electro-chemical  nen- 
tmb«.'4liou  mn  only  take  idaoe  when  the  elements liave  their  former  pola- 
ulY  »\v>'U»r^>l  t\*  thorn.     Tuai  the  uniteil  elements,  after  the  neutralization 

s»l  \\w^\  v'|»pvVMto  oUvtrlonl  statos,  ;irv^  hold  tojothvr  by  a  force  which 
i>\.i<i«  .ill  ni^vh  ri'v\d  i'u\int  ot  ^op-.iration.  di.H.\<  u»^t  result  from  any 
Mii»  *u»  px»\\\M  y.ittr'iN^.  v'i!u*rwi>o  tl:o  |vr:!i:ino:u'v  vi  tho  oi>iiibiuation 
\\o»"i.l  ••'i  ts^  x'.:!'vvi  U'  tlio  'v,:!uo:ivv  ot'  olootrroity.  But  tho  nio^t  inti- 
llttl^>  x*i^M..,./.  v\'»'.'.l't^ii.oii  v.^iv  Iv  do>tr.\vovl  by  rv^jtoriiij:  the  electrical 
l»o'v«  \  x'i  1*0  o!oit»vvvv  1*1  th:s  vUwr.^v^itioii  vf  com{K>uuds  by  the 
»lx'»:  -si'  s  '.  x"-..  r-o  .tv".  v^  o*vv:r:o-.:*o<  ai>ap»v;*r  and  tho  elemoutij 
»>M--i' "o  I-,'  '  i.-'rN't  v'o-vroii*  .irA  o\v:r'-oul  {o  [vnioi?.  If  A  B  is 
u^.oNn^I  *'\  v'  "'..^  \  V'  r.'.;  *\  0  vu>:  V:*^o  ^rwitcr  ::::o:i<iiy  vf  electrical 
i»oUt  r.  ,'M  I*  I".  r»  »U"vV  ;:orv  ro>u*:>  v.ore  oo::-rloco  uoutralizalion 
lvt>wNM»  \  .i\\.{  K^  \\.\\\  ;''i:  \**  0*',  *v:  rv  o\*>:o'i  io:wot?!i  A  and  B;  this 
^'nxv,  i.xv^  tv»  .•o\  v''.o!""..  ••:  f  *.-.,iv  AT' i  ':^  r*s\v*.:v.i:^  wi:a  it:?  oriirinal 
I  »x » I . u  :  I  >  \  N ; .  Sv :  .1  :• ..  .•  ^  ^:  v^ V !  .^  s^ :'  v-^  :v  *. •  •.  •;  v  ^  w  ;  1:  .• :  l:o  r<.  ?«.  m o t  i uios  as 
III!  \OokHv»  p^»>ii'.\v'  >v I" :-.:::■.■:>  ;»<  a::  c'co:?- -".e^.i::ve  r;*v.«-v'v.t.  o:in  ci;lv  In? 
ao|»»».»tovl  tVo!u  tI:o  dr>:  i:-.o::::::-.tvl  o- r.' :-^.-:  ->  Iv  *v.>i".c<  <::II  more 
|io^iii\o.  .iMxl  tVv'tii  tho  I.k::or  by  (■-::-;<  s:'..'.  :..  re  v.t^ci;  ^  o  .  :.  s^ulphur 
\.\\\  \»ul\  Iv  >o|Mr.i:^^l  frvMV.  ::>  o.^:::i  i-a:!  =s  w]:;.  ..  yvc'.'"  v  S  .i•.o^  which 
,uo  uioio  |»o>'i:\o.  :i:id  from  its  iviubi:::*::  n  w::l  .:,;/.  ^y  Iviics  which 
•lio  luoio  Hx\i:ati\o  chAU  itself. 

Ihi-^  ihv\»ry  ot"  IV:  5oliii>  i>  0!U"vi!uKr\:'l  wi:;-.  tV.o  :  '.!;wi::j  iinioiLltios: 

\\^     .\»»  piooiM*  viomatv;il'.v»:i  v-ait  Iv   draw::   rvtw^w.   :ho  lc>>   ir.tiQiate 

\l(..iuu.(l  \oM»h'.iMt:v»UN  >»u'|svM\l  »,*  (V  prv^iuvwl  Vy  :ir^.::i:v  a::  I  ::'.o  more 

UiUut  tic  on.-  ^vh■.•^    I'x^  aNvi'J»v\i   to  OAv:r\"a!  uo:- •!.      A:  ,i!".  ♦vor.ts  it 

y.\\u     u>i    v*  lu  \vM'tv»»»M  iMv  tv»  li  nuio  t  ■»  av>::v.'o  tl:o  o\:>:vV.vo  •  :" :»»..  :i.  :ailv 

vl\U'uiU(     v.iU-x"-'     IvM     tllv^-O     i\>v»    NOl\    MtlKlAr    ohl»0>    I't    Ov'TlUN  UV.vU.        Ac- 

x^«ului,,  lo  o\\,  OHO  au»m  v't  Nulj»huiso  aouI  >hou»vi  vV!uh.i:o  w:ih  the 

U'l  i\w«  V  ^**  ^**  ^^  ***^'*»  **^*^  ^'>  »*hiui  Y  but  by  electrical  atimciion, 
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and  with  tmy  furtiier  fjnantity  of  water  by  affinity.  Now  if  sulphuric 
avid  combined  with  three  attune  of  water,  possess  alHnity  f*»r  water,  why 
fcliouhl  not  the  ssiijie  ficid  when  pure  or  when  com1>iiied  with  one  atom  of 
water,  also  have  affinity  for  water? — (2).  What  la  it  that  iiidnccs  the  two 
electricities  to  accumulate  each  hy  its>clf  in  definite  quantity,  on  two 
opposite  points  of  an  atom  which  must  ho  regarded  as  a  homogeneous 
mass?  What  prevents  their  combination?  Are  the  atoms  of  all  bodies, 
even  of  metab,  perfect  nou-condnctorg?  Again,  wlien  sulphur  and  load 
are  melted  together,  the  negative  electricity  of  the  sulphur-atoms  is  sup- 
posed  by  Berzehus  to  combine  with  the  positive  electricity  of  the  lead- 
atome,  the  combination  being  accompanied  by  a  development  of  light  and 
beat.  Why  dooa  not  the  negative  electricity  at  one  pole  of  an  atom 
of  sulphur  combine  with  the  positive  electricity  at  the  opposite  pole  of 
another  atom  and  produce  fire,  when  the  sulphur  is  aielted  by  itself  I*— 
(3).  If  combinations  are  produced  not  by  the  atiiuity  of  the  elements  but 
by  electrical  polarity,  every  substance,  simple  or  compound,  should  be 
capable  of  combining  with  every  other  whoso  atomic  poles  contain  the 
two  electricities  in  different  proportions;  why,  for  example,  sliould  the 
predominating  positive  electricity  of  mercury  combine  with  the  oegative 
electricity  of  tellurium  and  not  with  that  of  carbon? — (4),  It  is  not  easy 
to  discover  by  w^hat  force  combined  substances  are  held  together.  The 
heterogeneous  atoms  unite  in  conseciuence  of  their  adhesion  to  the  oppo- 
site electricities;  but  w4ien  these  have  been  neutralized  by  combination, 
it  might  be  expeeted  that  the  atoms  w-ould  fall  asunder  and  allow  them- 
selves to  be  easily  separated  by  friction  and  other  mechanical  forces, 
which  is  by  no  means  the  case.  In  order  to  overcome  this  difficulty, 
Dumas  supposes  (FhUos.  of  Chem.)  ihtit  in  the  combination  of  oxygen 
and  hydrogen,  for  example,  tlie  negative  pole  of  the  former  places  Usolf 
towards  the  positive  polo  of  the  latter^  and  the  positive  pole  of  the  former 
towards  the  negative  pole  of  the  latter;  moreover,  that  the  atoms  can 
only  give  up  the  electricity  of  one  of  their  poles — that  it  is  only  on  this 
side  that  electrical  neutralimtion  takes  place,  viz,,  of  the  negative  electri- 
city of  the  oxygen  with  the  positive  of  the  hydrogen^- that  on  the  contrary 
the  eiectricilies  of  the  two  other  poles,  viz.^  the  positive  of  the  oxygen 
and  the  negative  of  the  hydrogen  remain  uneombined,  and  hold  the  atoms 
united  by  their  mutual  attraction.  But  this  asKuniption^ — that  the  electri- 
city of  only  one  pole  of  an  atom  can  combine  with  the  opposite  electricity  of 
another,  and  that  those  of  the  other  poles  are  incapalde  of  uniting — would 
not  only  be  a  new  enigma,  but  admits  of  positive  contradiction;  for  in 
the  combination  of  sulphur  with  oxygen,  the  jwsitim  electricity  of  the 
sulphur  must  unite  with  the  negative  of  the  oxygen;  and  in  the  com- 
bination of  sulphur  witli  the  metals,  its  iifffative  electricity  with  the 
positive  of  the  mctab  Einbrodt's  explanation  (Ann.  Chtm.  Fhy$.  01, 
2(J2;  also  J,  pr.  Vhrm.  8,  345,)  agrees  in  the  nmin  with  tliat  of  Dumas, 

The  theory  adopted  in  the  j)rei?ent  work  is  as  follows: — Ponderable 
bodies  liave  affinity  fur  one  another.  The  two  electricities  are  substances 
which  likewise  possess  affinity  for  each  other,  and  by  whose  combination 
in  the  proportions  in  which  they  neutralize  each  other,  beat  (fire)  is  pro- 
duced. The  individual  electricities,  and  likewise  heat,  have  considerable 
atfinity  for  ponderable  substances^  and  are  unitetl  to  them  with  greater 
force  and  in  greater  quantity,  tlie  more  simple  these  ponderable  substances 
are.  Ponderable  hodies,  according  to  their  nature,  have  a  greater  or  less 
excess  of  positive  or  negative  electricity  uuited  with  them  in  addition  to 
a  delinitc  t^uantity  of  heat.     Thus,  oxygen  probably  contains  the  great^sat 
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qnaBtity  of  poadlvej  and  jmtAasiiim  <^f  neffntim  electricity.  Bmlies  lying 
betwDon  theeo  two  extromea  contain  a  larpror  quantity  of  heat  with  a 
Btnallor  excess  of  ono  or  tlio  otlier  kind  of  electricity,  the  proportion  of 
which  varies  greatly  acconlin^  to  tlieir  nntnre,*— and  X\m^  form  sin  elec- 
trical M*ries  which  perhaps  coincides  with  the  column  of  affinity  of 
oxygon  (p,  144). 

Tho  combination  of  two  ponderable  bodies  is  the  rci^ult  of  two  forces, 
viz,,  the  affinity  of  the  poudomblo  bodies  for  each  other,  and  the  aliinity  of 
the  electricity  wKieb  is  in  excess  in  the  one  body  for  the  opposite  elec- 
tricity which  predominates  in  the  other.  By  tbe^e  two  forces  the  affinity 
of  the  electro-negative  body  for  the  positive  electricity  united  with  it, 
unci  that  of  the  electro-positive  boily  for  the  negative  electricity  combined 
with  itj  are  overcome.  The  result  ia  heat  and  the  ponderable  compound. 
The  latter  retainw  the  excess  of  positive  or  tiegativ^c  electricity,  by  which 
it  acquires  cither  an  electro-nc^tive  or  electro-positive  character,  and 
likewise  part  of  the  heat-awhile  another  portion  ia  set  free,  and  gives 
rise  to  the  development  of  hertt  or  fire,  by  which  most  chemical  combi- 
nations are  accompanied.  When  combination  takes  place  between  two 
bodiesj  both  of  which  contain  an  excess  of  the  same  kind  of  electricity — 
<J.  g,i  oxygen  and  sulphur,  which  contain  free  positive  electricity  in  dif- 
ferent quantities, — it  is  simplest  to  8np])ose  that  the  combination  is  the 
result  merely  of  the  atEnity  between  the  two  ponderalile  bodies,  that  the 
new  compound  contjiins  the  sura  of  the  excesses  of  positive  electricity, 
and  that  the  development  of  lieat  is  a  consequence  of  the  inability  of  the 
new  compound  to  retain  as  much  heat  united  with  it  as  was  before  com- 
bined with  its  constituents. 

When  a  ponderable  componnd  is  (lecomposed  by  elevation  of  tempera- 
ture— e.g.  oxide  of  silver  at  a  red  heat  into  oxygen  gas  and  silver — it 
may  bo  supposed  that  the  aliinity  of  silver  for  negative  electricity  -h  that 
of  oxygen  for  positive  electricity  -f  that  of  heat  for  oxygen  m  greater 
than  the  affinity  of  silver  for  oxygen  +  that  of  the  two  electricities  for 
each  other.  Hence  part  of  the  heat  is  resolved  into  its  elements  and 
unites  as  negative  electricity  with  the  silver  and  positive  with  the  oxygen 
{Sch,  101).  The  decompositions  of  ponderable  compounds  by  ponderable 
substances  may  perhaps  take  place  as  follows.  AVhen  chlorine  at  a  red 
heat  expels  oxygen  frompota«h,  forming  chloride  of  potassium,  it  transfenj 
that  portion  of  positive  electricity,  which  in  combining  with  pure  potas- 
sinm  it  would  have  given  up  to  the  negative  electricity  of  that  substance 
■^to  the  oxygen  which  has  lost  its  own  positiv^o  electricity  by  combining 
witli  the  potassium  {Sck,  102). — When  potassium  in  contact  with  water 
produces  potaisb  and  hydrogen  gas,  the  negative  electricity  of  the  potas- 
sium goes  over  to  the  aisengaged  hydrogen,  which  in  forming  water  had 
previously  given  up  its  own  negative  electricity  to  the  positive  electricity 
of  the  oxygen  {Sck.  103),  The  same  takes  place  in  the  solution  of  zinc 
in  dilute  sulphuric  acid  :  its  negative  electricity  goes  over  to  the  escaping 
hydrogen  gas  {8ck,  104).  [For  the  explanation  of  the  decomposition  of 
compounds  by  the  electric  current  according  to  this  hypothesis,  vid, 
Ekctriciiy.'l 

2.  Dynamic  ITgpoilteiU, 

A  snhstanco  which  to  our  senses  appears  continnons,  like  glass,  is 
likewise  so  in  reality:  it  does  not  therefore  consist  of  atoms  and  empty 
spaces,  l>ut  fills  completely  the  space  included  between  its  surfaces. 
Matter  is  therefore  capable  of  ex^iauding  and  contracting  by  virtue  of  its 
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intrinsic  nature,  nnt  in  consoqueTico  of  the  widening  or  narrowing  of 
pores  containcii  within  it.  In  chemiciil  combination,  the  elements  bavo 
the  power  uf  iliffuBing  themselves  tli rough  eaeh  other  without  limit,  so 
that  in  the  smalle.^t  point  of  the  compound  both  elements  aro  alike  pre- 
sent;— the  elements  do  not  lay  themselvoa  side  by  side — they  penetrate 
mch  other, 

A,  Kant's  Thmry, 

Matter  is  a  self-existent  essence,  and  is  actuated  by  two  forcea,  the 
force  of  attraction  and  the  force  of  repulsion.  It  may  indeed  be  preissed 
together  by  external  force,  but  only  to  a  certain  point, — fc>r  its  repulsive 
force  increases  with  the  condensation.  The  action  of  different  kinds  of 
matter  on  each  other,  whereby  through  their  innate  forces  tliey  alter  tho 
combination  of  each  other*a  parts,  is  chemical  action ;  it  consists  some- 
times in  solution,  sometimes  in  decomposition.  A  perfect  eolntion  would 
be  such  ai*,  in  its  amallest  particles,  would  contain  the  heterogoneons 
substances  in  the  game  proportion  as  in  tho  whole.  Kant  however  leaves 
it  undecided  whether  sucli  a  solution  is  ever  actually  formed;  but  it  may 
be  imagined— for  if  the  action  of  the  solvent  power  be  continued,  the 
division  mu.«t  still  go  on  and  that  without  limit,  so  that  ultimately  tho 
volume  of  tho  solution  will  be  unifomily  filled  with  each  of  the  two 
elements  at  the  same  time,  and  thus  they  will  have  penetrated  each  other. 
(Kantj  Anfangngr*  d.  NaiurwmenKJiaft,     Aufl,  3,  s.  75.) 

B.  ScMlinfjs  Thcortj, 

Matter  is  not  an  original  essence,  but  derives  its  origlo  from  tlio  con- 
flict of  the  attractive  and  the  repulsive  force;  and  its  various  oualitiea 
depend  uf>on  tho  quantitative  relatiuu  of  these  primary  forces.  Chemical 
action  takes  place  only  between  heterogeneous  bodies,  those  n am ehr»  in 
one  of  which  the  relation  between  tho  primary  forces  is  tho  reverse  of  that 
in  the  other.  The  resulting  compound  is  the  mean  dynamical  ratio  of  the 
primary  forces  which  have  been  brought  into  activity  during  tho  process, 
and  conseqneutly  it^  properties  differ  essentially  from  those  of  its 
elenient45.  (Schelling,  /t/em  *i*  Hmt  FhUoiophic  dcr  Naitn\  Aufl.  2, 
1803,8.453.) 

[Faraday;  SpecukUion  cmccminf^  the  Nature  of  Matter,  rkU,  Mag* 
J.  24,  136. J 
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TUEOKY  OF  THE  AFFINITY  OF  INDIVIDUAL  SUBSTANCES, 


SECTION  L 

Chemistuy  op  Impondebable  Bodies* 

The    ImpondoraLlo    BotlLea,    ImpoiidcraLleH,    Ethereal    Substanc 
Radiant  Powers,  or  lacoerciblos,  are  distinguished  from  ponderable  sut 
fetances  chictly  by  tbc  following  characters. 

1.  Tii€j  aro  without  weight,  so  far  at  least  as  our  balances  can  show. 

2,  They  arc  in  the  highest  degree  expansible, — and  therefore  when 
iincc|ually  djstrihuted  diftuse  theraselvea — for  the  moat  part  quickly  and 
by  nuliation  in  straight  lines — through  those  spaces  whieh  offer  no  oppo- 
eition  to  their  progress. 

3.  They  penetrate  bodiei  which  are  impenetrable  to  all  ponderable 
substances. 

4,  Generally  speaking,  they  nmnifest  themselves  directly  to  but  few 
of  oiir  senses ;  ruagnetism  to  none,  light  and  heat  to  one,  only  electricity 
alone  to  scverah 

The  pruperties  hero  noticed  certainly  render  it  donbtfid  whether  the 
Bensatious  of  light,  heat,  ^c,  should  be  attrihutcd  to  the  direct  action  of 
peculiar  Vnuh  of  matter,  or  whether  they  arc  not  rather  caused  by  the 
vihrations  of  certain  supposed  elajjtic  fluids  of  extreme  tenuity,  like  the 
luminous  ether,  Sec, ;  the  former  suppf^i^ition  is  however  the  simpler  of 
the  twOj  and  better  adapted  than  llie  latter  to  a  chemical  view  of  the 
subject, — According  to  the  uudtihitory  theory,  the  coloured  rays  of  light 
are  distinguished  from  one  another  by  the  different  breadths  of  the  waves 
of  the  luminous  ether;  and  when  they  all  fall  on  the  eye  together,  they 
produce  the  sensation  of  pure  colourless  light.  How  ditrereut  would  he 
tho  imivressiou  produced  by  tho  whole  series  of  eonnd- waves  if  they  were 
all  to  invade  the  ear  at  once! 

The  Imponderables  are:  Light,  Heat,  Electricity  and  Magnetism  i — 
Aa  these  euhstances  are  all  fully  discussed  in  physics,  we  shall  in  this 
work  confine  ourselves  principally  to  the  chemical  relations  of  the  first 
three  towards  ponderable  bodies, — 4)mitting  magnetism,  which  appears  to 
exert  DO  influence  on  the  chemical  relations  of  ponderable  bodies. 
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315;  aUo  Pogg.  49,  563. 
Woofl,  on  Phoifpborescence  produced  by  heating  and  rubbing,     FhiL 

Tram,  82,  28, 
Brewster,  on  Phos^phoresoenoe  produoed  by  heating,     Ann,  Ohim*  Fhys, 

14,  28^. 

On  Phoiph<^reicence  accompanying  Crystal! iicUion, 

PickeL  Taschenk  1787,  55,— Schiinwald.  CrdL  Ann.  1786,  2,  50. 
Schiller.  Tmckenh,  1791,  54.— Giobert.  /.  Fhys,  36,  256;  also  Grrn, 
J,  2,  437.— Pfaff.  Sdiw.  15,  275,— Herrmann.  Schw.  40,  75,— Berze- 
liu8,  Jahrdber.  4,  44;  5,  41,— Schweigger.  Scliw,  30,  247;  40,  271.— 
Biichner.  Repert.  15,  441;  also  SckuK  41,  221;  also  Schw.  41,  228.— 
rieisclil.  ZeiUchr.  PL  Math,  3,  220,— H,  Rose.  Poyg.  35,  481;  52, 
443  and  5S5. 


Stnonymes,     Luminous  Svhstance,   Light-^wodncing  MMer^ 
Matter i  Lumiirt,  Photogine. 

Light  IB  that  substance  which  excites  in  our  eyes  the  eeneatiou  of 
brightneas  or  vision. 

Physical  Properixts. 

1,  Light  ia  imponderable. 

2.  It  is  in  the  highest  degree  expansible:  it  spreads  itself  out  from  it« 

M  2 


pMmg  «iT«r  42,100  nilei  ta  »  meoamL    Ub  mkemn^  wwxw$  mwermlj  na 

the  ff|Bve  fif  ^K  diataKc  ^on  tW  IvwMw  ««f«, 

3.  It  pesetmles  tk«  ilr  nmi  all  olfctt  ftiMpNt Jimf  bodiei  more  vr  1 
■ptedly;  wldkl  ^jMfm  WdiM  «itlwr  do  B«t  tt«iisiiiii  it  al  all,  or  011I7 
IM  tJiff  «e  ia  vefj  tlua  Taatinrw. 
4^  ineo  ia  faMtng  tkiva^  a  trtMfaiaai  aediam  it  f^ill?  on  other 

badiea,  tnaspaKni  nr  aBai|ae^  it  b  farllf  ibwHi  iaisk  or  rtii^ed, — and 

in  «adi  m  m&aiter  tl^l  mm  uHadient  ud  reied^d  mji  la&ke  equal  aaglea 


5,  When  a  lajr  of  li^t  ttaTeninf  tliTna^b  a  Uila  laadfioi  ynwgii  near 
a  desi«€^  tNMljr.  ite  eoitrie  is  aonewhai  ^!«re% — it  ii  m0«eM — il  infos  a 
^imdim^  or  Imfltriom* 

C  When  m  mr  «l  lifbt  ^a»ea  tm  aa  oW^aedlreetion  &oaioiie  meditmi 
■aotliiftr  of  dmrmA  3 wily  ami  etimbiistiMlilTv  iu  c&arse  m  likewise 
like  tif  lit  m  br^km  Ofr  Jkfr^^^fL     If  the  k«0Dd  medtum  ii  JeoBer 
*  more  c-omb'mitilile  tliaa  tlie  firsts  Uie  laj  k  beat  toirxuds  tbe  perpeadi* 
enlaTj — and  ocMnrereelj* 

lalexioQ  and  r^aetioa  anjr  ^eifaw  !)«  explained  by  supposiisn^  the 
altmcttoQ  or  adheftkiti  of  lMdkt  ftr  %at  to  iiicxt!aie  witli  tlieir  denmty 
aod  comlitiitibilitj. 

7.  Di^*ertmn  of  C^mtn — At  cveiy  refracticai,  a  eolomrlc^  mj  of  ligbt 
ia  «epamted  into  mreu  coloured  raja.  Tbe$e  ajc^,  begiaaiiig  mill  the  mo^ 
fe&niigiblo :  riolet,  indigo,  hlue^  g^^^^f  yellow,  oriLUgc,  red.  [Luminous 
and  Cohurtd  Spectra-^l  The  jellow  afid  gr@eii  rajs  are  llie  moit  lumi- 
11011&  Far  beyond  tlie  botmdarj  of  the  yiolel  there  exists,  aooardlag  to 
Seebeck,  a  faint  violet  li^ht  whieh  gmdaallj  becomes  colourle^* :  simi- 
Iwljr,  red  light  exist*  beyond  the  assigaed  limit  of  the  red.  None  of 
the  coloured  rajs  experience  any  further  change  of  coloor  by  a  second 
refraction. 

8.  When  light  fsXiA  at  a  particular  angle  (35^  for  glass)  on  the  sur- 
fiice  of  a  body,  the  reflected  light  is  found  to  possess  peculiar  properties ; 
it  is  Polarized,  For,  if  the  ray  thus  reflected  fall  on  a  second  isX  sur- 
fiice  of  the  same  body  at  the  same  angle,  it  is  completely  reflected  there- 
from, when  the  second  surface  is  parallel  to  the  first  or  makes  a  right 
angle  with  it;  but  no  reflection  takes  place  when  the  second  surface  is 
turned  round  through  an  angle  of  90°,  so  that  the  ray  which  ^Is  on  the 
first  surfjEu^e  would  make  a  right  angle  with  the  ray  reflected  from  the 
secondf. 

9.  In  a  great  number  of  media,  yiz.,  in  crystals  not  belonging  to  the 
regular  system,  and  in  certain  uncrystallized  animal  substances,  a  ray  of 
light  is  split  into  two  distinct  rays  oppositely  polarized :  Double  Refi-ac- 
Hon.     Comp,  Brewster  {Edinburgh  J.  o/Sc.  5,  1 ;  also  Scliw.  33,  340). 

*  The  existence  of  Imninotis  rays  having  a  faint  yiolet  or  rather  a  lavender  grey 
colour  has  likewise  been  proved  by  Sir  John  Herschel  {Phil.  Tratu.  1840,  Pt.  I.) 

t  The  ray  is  completely  reflected  when  the  planes  of  incidence  on  the  first  and  second 
snrfkoes  coincide :  no  reflection  takes  place  whoi  they  are  perpendicular  to  each  other. 
[W.] 
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CHEMICAL  RELATIONS  OF  LIGHT. 


1.  Belatioks  of  Light  to  the  other  Imponderables. 

1,  Meiation  o/Li^ht  to  Meat 

A.  Dtvtlopment  of  Heat  hif  Light. 

All  pnnilerable  bodies  absorb  a  port  ion  of  tbe  ligbt  with  whicb  tbey 
come  in  contact  The  quantitj  thus  absorbeJ  is  greater  in  proportion  to 
tlioir  opoeity,  and  the  darkuese  ancl  roughness  of  their  surfaces*  TniOH- 
jiarent  bodies,  witli  whit«  shinlog  surfaces,  absorb  tho  least,  inasmiicb  aa 
the  greater  part  of  the  light  which  faUs  on  them  is  either  transmitted  or 
reflected.  The  more  light  a  body  absorb^^  the  hotter  does  it  becomo  whtm 
exposed  to  the  6un*s  ray«. 

In  sunshine  which  raises  a  mercurhil  thermometer  to  38"  C*  (100*'  Fah.) 
a  ball  of  puj-e  bismuth,  one  inch  in  diiuiicter,  rises  to  50*^;  the  same  ball, 
covered  with  indian  ink,  to  56"*;  with  lamp-black,  to  50°;  and  with 
white  paint  to  43^  i  when  covered  with  a  blue  colour,  the  ball  is  more 
strongly  heated  than  when  clean  j  but  less  strongly  when  painted  red. 
(Blickmann.) — If  a  number  of  pieces  of  copper  of  equal  sizes  are  covered 
with  various  colours,  the  black  becomes  most  heated  in  the  sun,  then  the 
blue,  then  tho  red  aud  green^  then  tbe  yellow,  and  lastly  tbe  white. 
(H.  Davy.)^ — Pieces  of  cloth  laid  upon  snow  in  the  sunshine  sink  deeper 
the  darker  they  are  in  colour.   (Franklin.) 

iUtat-collector  of  Sauseure  and  Ducarchat-] 
^be  concentration  of  the  sun's  rays  by  means  of  burning  ghbsses  or 
mirrors  is  one  of  tbe  most  powerful  means  of  producing  a  high  tem|>o- 
rature. 

Flaugergues  has  shown,  by  experiments  made  during  a  solar  eel  ipse, 
that  the  light  of  the  sun  has  the  same  heating  power,  whether  it  proceeds 
from  the  edge  of  the  disc  or  from  tho  centre, 

Danieirs  supposition,  that  the  solar  rays  have  leas  heat-producing 
power  at  the  equator  than  in  tho  temperato  regions,  has  been  shown  by 
Gay-Lussac  {Ann.  Chim,  Fkijs.  26,  375)  and  Poggo  {Edinh.  PhiL  J.  14, 
63)  to  be  incorrect. 

Tbe  liglit  of  the  sun  loses  but  very  little  of  its  heatiug  power  by 
passing  through  a  plate  of  glass. 

Solar  liglit  refracted  through  a  prism  shows  tho  greatest  heating 
powder;  according  to  Laiidriani,  in  the  yellow;  according  to  Ilocbon, 
between  the  yellow  and  the  re<l;  according  to  Herschel  and  Englefield, 
beyond  the  utmost  limit  of  tbe  red;  according  to  Bcrard,  at  the  furthest 
edge  of  the  red,  whilst  the  beating  power  of  the  almost  invisible  rays 
situated  beyond  the  red  is  only  ^  as  great;  according  to  Leslie,  in  the 
red,  whilst  l>eyoud  tho  red  scarcely  any  heating  efl'ect  was  produced. 
Seebeck  however  has  shown  that  the  heating  power  of  the  ctdoured  rays 
varies  with  the  nature  of  the  prism.  Acconliiig  to  that  pbilosophor,  the 
heating  power  of  the  coloured  rays  gradually  increases  from  tbe  extreme 
edge  of  tho  violet  or  about  j  an  inch  beyond  it  (where  it  is  weakest) 
through  iho  blue  and  green,  and  attains  rts  maximum : — with  a  prism 
filled  with  water,  in  the  yellow;  with  a  prism  fiUcil  with  oil  of  vitriol,  or 
with  a  Mdution  of  sal-ammoniac  and  corrot*ivesuhiimut4,'  together,  betweoil 
the  yellow  and  the  red;  with  a  prism  of  common  white  glass  and  crown 
glasBj  in   the  full  red;  and  with  a  prism  of  flint-glass,  beyond  tho  red. 
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Wliatever  may  be  tlio  nature  of  the  prism,  heat  ifi  always  manifested 
beyoful  tho  red,  but  gradually  dim  id  isbess  aa  tbc  distance  from  tlie  extreme 
Inuit  of  tlie  red  increases.  With  a  prism  of  rcn-'k-sait  tlie  maximum  of 
beat  is  situated  far  beyond  tb«  red,  Tlie  soiaj-  light  contains  beating 
rays  of  various,  degrees  of  refrangibility;  rock-salt  transmits  tliem  all, 
even  tbe  least  refranirible;  glass  antl  wat^cT  only  tbe  more  refrangible  :  fur 
tbis  reiison  tlio  maximum  of  beat,  wbou  priams  of  glas^  or  water  are  used, 
is  found  within  the  coloured  spectrum.  (Melloni.)  According  to  Powell, 
the  heating  power  of  tbe  coloured  rays  depends  also  upon  tho  colour  of  i 
tho  body  to  be  heiite«l;  according  to  his  observatioui^,  a  thermometer 
painted  with  vermilion  is  more  strongly  heated  in  the  orange  rays  than 
in  tbe  red.  According  to  tbe  same  philosopher,  the  beating  rays  of  the 
prism  pass  like  tbe  solar  ray.H  througb  glast*  without  perceptible  loss  of 
bcittug  power* — There  exists  therefore  a  Ileai-sprctnim  in  connectioa 
with  the  coloured  spectrum.  According  to  Herscbol,  tho  coloured  spectram  I 
takes  up  ouly  about  |  of  the  space  occupied  by  the  beat-japectruni ;  and  in  ' 
consequouce  of  tbe  smaller  refrangibility  of  the  beat-rays,  tbe  focus  of 
heat  is  somewhat  farther  (according  to  Wollasiton  about  ^)  hvm  tho 
burning  glasa  than  tbe  focus  of  light. 

^  Sir  John  Herschel  (PhiL  Mag.  J.  22,  505)  baa  obtained  some 
remarkable  results  by  exposing  tbin  writing  paper,  blackened  on  one  side 
by  holding  it  over  a  smoky  Hame,  and  afterwards  thoroughly  wotted  with 
alcohol  applied  to  the  unsmokod  side,  to  tbe  action  of  the  solar  spectrum. 
The  influence  of  tbe  calorific  rays  was  shown  by  a  whitening  of  tbe  pajier, 
marking  by  a  clear  and  sharp  outline  the  lateral  extent  of  iheBe  rays,  and 
by  tlue  gradations  of  intensity  in  a  longitudinal  direction,  their  law  or 
scale  of  distribution,  both  within  and  without  the  luminous  epectrum. 
The  thermic  spectrum  thus  imprcH^^od  extended  from  about  the  middle  of 
tbe  violet  to  a  distance  considerably  beyond  tbe  red;  moreover^  it  was 
found  to  consist  of  a  number  of  distinct  patches,  the  brightest  of  which 
were  f^ituated  in  and  just  beyond  the  visible  red  rays.  Three  other  spot« 
sulk^ocjuently  came  into  view  at  continually  greater  distances  from  the 
luminous  spectrum  and  successively  dim  in  isbing  in  brightness.  This  want  | 
of  continuity  in  tbe  tberniie  ej>ectrum  may  arise  from  an  absorbent  efFoet 
in  the  atmosphere  of  the  sun,  or  of  the  earth,  or  of  both ;  if  such  absorbent 
action  Im  exerted  by  the  earth's  atmosphere,  it  will  follow  that  a  largo 
portion  of  tbe  solar  beat  never  reaches  the  earth's  surface  at  all,  and  that 
tbe  heat  incident  on  tho  summits  of  lofty  mountains  difters,  not  only  , 
in  quantity  but  also  in  qitaliit/,  from  that  which  tbe  phiius  re<ieive.     IT       | 

Tbe  two  spectra  formed  by  a  prism  of  double  refracting  spar  have 
equal  beiitiug  powers.     (Bcrard.) 

Moonlight,  the  intensity  of  which,  according  to  Bouguer,  is  to  that  of 
sunlight  as  1  :  from  250000  to  3OOO0»  produces,  when  concentrated  by  %. 
burning  mirror,  only  a  very  slight  degree  of  beat  barely  perceptible  by  ft  • 
delicate  thermometer  (Howard,  ^SiUim,  Amer.  ./,  2,  327);  according  to 
most  observers  is  has  no  effect  on  the  thermometer;  and  Forbes  (PAH, 
Matf,  J.  f^,  13H)  ol)served  no  trace  of  heating,  when  ho  caused  moonlight 
oonoentrated  3000  times  by  a  glaaa  lens  to  fall  on  a  thermo-multiplier. 

B.  Devdopmnit  oj  Li^ht  by  Heat.  ■ 

All  bodieij  when  heated  to  a  certain  tentperature  beceme  incamlescont. 
Iron   becomos   hot   when   hammered;  by  long-continued  hammering  i^ 
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may  be  made  red*bot. — ^AII  bodies  l>econie  red-Lot  at  the  same  tempera- 
ture,— ^  excepting  t!iat  air  rcrpiire.'^,  accordiog  to  Wedge  wood's  experiments, 
a  higher  teraperaturo  tu  render  it  luniincma.  According  to  Newton,  iron 
becomes  dull  red  in  llie  ilnrlc  at  33.>  C.  {iiSo''  Fab.),  bright  red  at  40D"  C. 
(752**  Fab.),  luminous  in  the  twilight  at  474°  C,  (903**  Fab.),  and  luminous 
io  bright  daylight  at  about  538^6.  (1000^  Fab,) 

Modes  of  ejrplainimj  thtfacU  Mktted  in  A  and  B. 

1.  Light  and  heat  are  the  same  eubstauce.  Light  arrested  in  its 
motion  by  the  adhesion  of  ponderable  bfMlies  shows  itself  as  heat.  When 
ton  much  heat  becomes  accumulated  in  a  body,  part  of  it  escapes  again 
with  great  velocity  in  the  fi:>rm  of  light:  the  body  becomes  incaudesceut. 

Agaiust  tliis  very  simple  theory- — to  vrhich  Berthollet  also{*S'iai.  Chim* 
1,  191)  gires  the  proferenee — the  following  objections  may  be  urged  :  {a). 
Moonlight,  ever  so  much  concentrated  gives  no  heat.  (This  may  perhaps 
he  explained  by  its  very  small  inteuHity.) — (6),  The  brightest,  most 
luminous  rays  of  the  coloured  spectrum,  the  yellow  an^l  green,  give  very 
little  heat,  and  the  heating  power  likewise  shows  itself  where  neither  light 
nor  colour  can  be  perceived*— Light  produces  cbemical  alterations  of 
|H>ndcrahle  bodies,  which  heat  alone  is  unable  to  effect.  (This  may 
perhaps  be  explained  by  the  more  rapid  motion  of  light*)^ — Phospho- 
rescence by  Irnidiation,  and  more  piirticularly  that  produced  by  heating, 
is  difficult  to  reconcile  with  this  hyi>othesis. 

2.  The  solar  rays  consist  of  rays  of  light  and  rays  of  heat  distinct 
from  one  another;  the  former  are  more  refrangible  than  the  latter;  hence 
two  spectra  of  different  kinds.  The  solar  rays  give  heat  therefore  rmly 
in  consequence  of  the  heat  which  they  contain.  The  solar  light  reflected 
to  the  earth  from  the  moon  has  left  its  lieat-rays  on  the  moon  and  there- 
fore camiot  give  heat.     (Horschel.) 

Objections:  («).  What  becomes  of  the  rays  of  light  which  bodies 
absorb  together  with  the  rays  of  beiit,  seeing  that  the  bodies  suffer  no 
change  from  the  absorption,  excepting  cbange  of  temperature? — (6),  \V\ij 
cannot  a  body  become  yery  hot  without  emitting  light? 

3.  All  ponderable  substances  contain  the  hypothetical  Principle  of 
Fire,  which,  when  united  with  the  light  w^hich  falls  on  them,  produces 
beat  (Deluc.) 

2.  Edaiion  ofLigM  to  EUcti-idiy, 

Light  often  appears  as  an  attendant  of  eleetricAl  phenomeoai — the 
electrical  spark,  lightning.  Is  it  an  element  of  electricity,  or  on  the 
other  hand  m  light  composed  of  the  two  electricities — or  ii  it  merely 
aepajnted  by  electricity  from  the  surrounding  medium? 

3,  Melation  of  Light  to  Magntiism, 

If  the  violet  ray  of  the  spectrum  concentrated  by  a  lens  be  made  to 
pass  uniformly  for  about  half  an  hour  over  one  half  of  a  steel  needle, 
proceeding  from  the  middle  towards  one  of  the  extremities,  that  extremity 
being  direi-ted  to  tl»e  north,  and  the  tempemture  being  between  0"*  and  27"* 
C  the  needle  will  become  perfectly  magnetic.  (Moricbini,  Scltw,  20,  16; 
further  in  KaMn,  ArcL  8,  lOj.^This  experiment  was  also  successfully 
made  by  Ridolfi  (Schw,  20,  10),  Mary  Somerville  (Ann,  FhiL  27,  224; 
abstr,  Fogg,  6,  403),  Miiller  (Kastn.  Archiv.  13,  307),  Baumgartner 
{Zeihch\  Ph.  Math.  1,  263),  Zuntedoschi  {BibL  univ.  41,  n4;  s^Xm  Schw, 
56,  100;  also  Pogg,  16,  187),  and  Barlocei  (Bill,  nniv,  42,  11;  also  jScAuk 
♦58,  69),     It  did  not  succeed  in  the  bauds  of  Configliachi  {Gilb.  40,  035), 
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ltf!9  Jk  Mmt  Fjijj,  14.  ii{:r   sui  rEmnhra  Trmm   -isA.  CiiiL  PAyf. 

ksve  hisai  ^sfim^ieoeiT'  :ainwn  jud  die  «aiiB  ay  :iie  : 

Cii  fSAft  'ana;:!!  '-esain    .inwrnrqig  ?afieianee»  piaceii  s 
ia  fiica.  &  3BUUif!r  :^ac  :ae    tius  ir  leymtfir^Tirg*  iiuJ.  ] 
Ae  -^r^iccna  it  ifae  zsr. — »  mfacBfL  n  x  psraniBr  <~~ 
Vfim  "sut  •£r»ccuii  ^i£  ste  ay  Itaeif  in«t  :^ac  if  :&s  ^mt  «£ 
— I  «iiaJ  zr*'?.  aiarij  jl  r»t.  Fic^c&j  f  iwa.  vrfftie. 

A  TAJ  ^£  2ipiz  'jpstnus  fr^m  ml  Argaml  iamp  v^i  aiMacfard  ia  a  lam- 
arm:a^  piaas  by  r^fecciiia  ^ol  a  «arsaee  if  £*•*■  ai  ?^  p«£anaed  laj 
fanKri  air«Hisk  a  X^eaart  ey»!  piece  r-v^irinir  ia  a  kKxacmfial  axis,  to  as 
tA  be  «mI J  ^nmnrHHJ  W  dke  juaer.  B«cw»ea  'Sms  piHaniBf  Birror  and 
eke  €je  piece,  tvo  poweiE^iI  fteecn-^mc^fcic  wmss  wvk  azraai^eiL  beiag 
cider  fike  poles  'if  a  luine-'^iie  aiairaec  ^jr  ^e  coiiGasir  piilesi  of  two 
cyliBiler  nagaecs ;  tkej  vece  fepacaaed  &hb  «Kk  acaer  ad^as  two  iadies 
ia  tke  <iipectu>a  of  tae  rax.  saii  so  placed  d^ai.  if  la  lae  ame  sJe  of  Ike 
paianaed  raj.  it  md^Mt  paa  aear  tkem ;  ^r  if  •}&  ske  ecazanr  sidcSy  it 
■il&t  zo  Verweea  tibenu  ifii  ilieetiag.  Veni£  alwavs  panlM  or  aearl j  so 
to  tlie  nnea^tie  lines  of  force.  After  tkas.  aaj  tniwyarent  salietaDce 
fiaeed  letaeea  tke  two  poLes  woald  ka^e  piai  iiV  tkroa^k  iu  Kock  tke 
polanaed  raj  aod  tke  flngiietk  Iiaee  of  force,  at  tke  aae  ume  and  ia  tke 
flHBe  dirKtioa. 

A  piece  of  ifceny  ^<&ui  cof&ssda^  of  alfco-^onse  rf  lead  T/Hrf,  Trva^. 
1*^1.  p.  !>  aV.it  two  hwrfce?  s^-iare  iZ'i  !ixlf  x:i  izi.rk  iii:«rk.  !:aviiic»  JUt 
ao'i  yAl^LnA  *iAx^.  wxs  pLknp,i  is  a  in,7?7./n^-.—  S?rw-?en  lite  i>-k:?  (not 

pafc*  throizi  :*^  Irnztii.  The  rla.*^  :ii!:c-i  if  iir.  war^r.  or  azV  oiher 
indiSTerer.:  i^^f-tatce  w.-.-iI-i  i,  ;  a- i  ;f  -^-»  Tve-r-f*.'^  wfr^  prvvVu^lv 
turned  into  mch  a  po:^::':-  tio.:  the  p*  iriiei  nv  w^^  extrjnifhcd.  or 
rather  the  imaz*?  prc-laot?*!  bv  it  ren-ier^i  :~vV>]e.  :h^z  li-?  :-:r>iacik»n 
of  the  ;rla.i«»  ma»Je  no  alterat::::  ir.  th:-?  r^r-T-^rt.  In  this  ?ta:e  >>i  circum- 
i»tancfr*.  the  force  of  the  electT'i-majret  wa^  devel- r^i  bv  ?eT:«iiiii:  an 
eleftnc  current  thr'^'Ujh  it*  cciI-.  and  inuneiiarelv  the  lizip-dame  became 
vi^-ibU-.  an*!  f/tv.v.nn^A  ■?<>  a.5  lorj  a?  the  arrarjenient  <>  nt:--e»i  ma^rnetic. 
On  ■*ij,\f\f\ri'j  the  frUr^rtnc  rurrect.  and  s*:-  ca:iiii:i:  the  ina^rretic  f-rce  to 
cesi>/-,  tA.f;  U'jUt  Ir,>*Arit!ydi-ar'y^*^retL  The*e  phen*  n:ena  ccuM  be  renewed 
at  ]t\*:H*nt*'.  H.*  wuy  intunt  of  time,  and  up-:n  anv  ocea^ion.  showing  a 
jKrrf';'-*.  'UyxAi-uti'.  of  /  '^u>^  and  effect. 

7h'-  voltjii^;  ':'iff*rf.t.  wa^  that  of  five  pair  of  Grove*?  construction,  anil 
th';  '-I'rctro  ux^'/u*'^.*^  w<rre  of  -uch  power  thai  the  poles  would  sindv 
uuiftain  a  w<ri^ht  of  fro/n  28  to  .^OUr?  or  more. 

By  variofi*.  exj/^rriffient^  made  in  this  manner,  it  wa^  found  that  the 
cham/'Urf  of  the  for^:';  thui-  impres.se<l  upjn  the  diamainietic  is  that  of 
rotation,  and  that  it  a/'t'-  iuirord'iT)^  to  the  follnwini^  law :  ^ 

*•  Jfji  juH/titiu:  line  of  force  l>e  fjoiioj  from  a  north  pcde  OT  coming  f rem, 

♦  T}./-  t^rrn  Ain^  /,/  rnarjn^tic  force  or  Magnetic  line  of  force,  or  Malefic  ntrre, 
denottn  thnt  ^-xfrrnwr  of  rru^rn^j,,.  force  which  is  exerted  in  the  lines  usually  called  woy- 
»^/ic  cvrret,  huA  which  er|tjaIlT  exist  au  passing  from  or  to  magnetic  poles  or  forming 
conrentrir  nnlt^  round  an  electric  current. 

t  A  diamatjnetic  is  a  b^idy  throui^h  which  lines  of  magnetic  force  ar«  passing,  and 
which  floc^  not  by  tlieir  action  assume  the  usual  magnetic  condition  of  iron  or  loadstone. 
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a  south  pole  along  tlie  path  of  a  polarized  ray  coming  to  the  oliserver,  it 
will  rotate  that  ray  to  the  right-hand;  or  if  such  a  line  uf  force  he  coming 
from  a  iiortb  prde  or  going  from  a  tjouth  pole,  it  will  rotate  such  a  ray  to 
the  Uft  hamV^ 

It  was  likewise  found  that  the  degree  of  rotation  is  proportional  to  the 
extent  of  the  diamagnetic  through  which  the  ray  and  the  lines  of  magnetic 
force  pass*  The  power  of  rotating  the  ray  of  light  increases  with  the 
iuteui?ity  of  the  magnedc  lines  of  force. 

Other  bodies  besides  ih^  fteavif  glms  possess  the  power  of  acting  on 
light  uuder  the  influence  of  the  magnetic  force.  When  those  bodies  have 
a  rotative  power  of  their  own — ^as  is  the  case  with  oil  of  turpentine, 
sugar,  &c. — the  effect  of  the  magnetic  force  is  to  add  to  or  suhtmet  from 
their  specific  force,  according  as  the  natural  rotation  and  that  induced  hy 
the  magnetic  force  are  in  the  same  or  in  opposite  directions. 

The  silico-borate  of  lead  wiis  found  to  ho  the  bcHt  substance  for  exhi- 
hiting  the  phenomena.  Fused  borate  of  lead  is  nearly  as  good  :  flint-glass 
exhibits  the  rotation,  but  in  a  le^  degree,  and  crown-glass  &*till  less. 
Crystallized  bodies  exhibit  little  or  no  iufluence  on  the  ray  when  umler 
magnetic  influence.  All  litprids  which  have  been  submitted  to  experimt^nt 
produce  the  rotation  :  air  and  the  other  gaseous  bodies  do  not.  The  fol- 
lowing table  gives  an  approximate  estimate  of  the  relative  umount  of  the 
induced  rotating  force  in  a  few  Kubstauces,  as  compared  with  the  natural 
rotating  force  of  a  specimen  of  oil  of  turpentine.     (Water  =  1.) 

Oil  of  ttirpentiae 11*8 

Heavy  glass 6'0 

Flmt-glaaa 2'8 

Rock-ialt..... 2-2 

Wmter I'O 

Atcobol » . . , les»  than  wutcr 

Ether    .»««...• less  Chan  akohul. 

The  rotating  force  is  also  induced  by  ordinary  magnets  in  the  eame 
manner  as  by  eleetro-raagnetSj  but  in  a  less  degree,  simply  because  the 
uiairnetic  force  exerted  by  the  former  is  less  than  that  exerted  by  the  latter. 

By  placing  various  transparent  bodicg  within  long  helices  of  wire 
through  which  powerful  electric  currents  were  ]»as!*ing  — it  was  found  that 
"When  an  electric  current  passes  round  a  ray  of  polarized  light  in  a 
**  direction  peq»eudicular  to  the  ray,  it  causes  the  r.iy  to  revolve  on  its 
"  axis,  as  long  as  it  is  under  the  influence  of  the  current,  in  the  mme 
**  directi/jfi  as  that  in  which  the  current  is  pas.^iug."  It  will  be  easily 
seen  that  this  law  is  identical  with  t!iat  previously  stated  respecting  the 
rotating  power  induced  by  the  nmgnet. 

In  all  cases  it  is  found  that  the  inteq>osition  of  copper,  lead,  silver, 
and  other  ordinary  non-uiagnetic  bodies  in  the  course  of  the  magnetic 
curves,  either  between  the  poles  and  the  diamagnetic.  or  in  other  jiosi- 
tions,  produces  no  ettcct  on  the  phenomena,  either  in  kind  or  in  degree. 
Iron  afteets  the  results  in  a  remarkable  degree;  but  it  always  appears  to 
act  either  by  altering  the  direction  of  the  magnetic  lines  or  by  disposing 
of  their  force  within  itself 

No  rotating  power  is  induced  by  lines  of  electrostatic  tmHon, 

The  results  here  described,  important  as  they  are  in  themselveifl, 
become  still  more  so  when  viewed  in  connection  with  the  magnetic  con- 
dition of  all  matter,  as  develoi)ed  in  the  20tli  and  21st  series  of  Faraday's 
KjTpenmetital  Besmix/ies.  A  brief  abstract  of  these  researches  will  bo 
found  at  the  end  of  Chap*  111, 
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II.   Relatiotis  of  Light  towards  Pondebablb  Bodibs. 

1.  Changes  produced  in  Fondevahle  Boditt  6y  the  Action  of  Light. 

Chetmcal  ef^xts  of  Li^ht. 

A .  Con^tinaiions  product  6y  the  agency  of  Light, 

tu  Chlorine  gas  doos  not  comliiuo  with  hydroi^n  to  fomi  hjflrochlorio 
add  ^^  at  onlinary  terapenitares  and  in  the  ilark,  but  only  under  iho 
influence  of  light  (Gay-Lnssa<^  k  Tbenard):  according  to  Seehet-k,  the  i 
combination  tJikcs  |ila(xi  under  white   or  blue,  but  not  under  red  glziss* ' 
Neither  does  sunli^jht  transmitted  threu^'h  bichromate  of  potaeh  efiect  tbo 
cow  hi  nation.  (Draper:  vid,  Formatirn  of  H  ^drochhf^  Acid.)--b,  Chlorine 
gas  ^'ombines  with  carbonic  oxide  gas  only  nnder  the  influence  of  light. 
(J,  Davy.) — ^.  Iodine  and  olefiant  gaa  combine  only  in  sunehine.     ( Fara- 
day.) — f/.  Many  kinds   of  plati>-gla«s,  which   have  only  a   faint  violet 
tint,  become  pnrplo  after  expesuro  to  light  for  a  year,  while  the  same  gla£« 
kept  in  the  dark  retains  it«  original  jnile  tint.     (Faraday,  Qu.  J.  of  tSc* 
15,  164;  also  Pogg,  24,  387*)     This  may  arise  from  a  higher  oxidation  of 
the  n J anganese  contained  in  the  glasa. — e.  Hyacmtha  exposed  to  light  lowf 
their  rcddisli  tint  and  become  browner,     (G,  F.  Richler*  Fogg,  24,  386*) 
Thi^J  ea^e  belong.^  perhaps  to  the  head  of  decompositions. 

B,  Comlinathfis  accompankd  hy  Decomposkiom* 

a.  Phospliorns  kept  in  varions  gases  or  in  water,  Is  changed  in  tho 
sun  si  line  under  colourless  or  bine  glafis  (not  however,  or  but  very  slowly, 
under  red)  into  red  oxide  of  phospliorus.  (Bik-kinann,  A.  Vogef.) 
Hence  light  brings  about  the  combination  of  the  pho^diorus  with  the 
oxygen  of  tbe  air  or  of  the  water. — L  Chlorine  combines  at  ordinary 
temperatures  with  tbe  hydrogen  of  water  and  liberates  oxygen  gas,  but 
only  under  the  influence  of  light, — ^Aqneous  solution  of  chloride  of  pla- 
tinum mixed  with  lime  water  gives  a  precipitate  in  colourleaa  or  violet, 
hut  not  in  red  or  yellow  light.  (Hergcheh) — d.  Chlorine  decoTnpoi*e8 
light  carhnretted  hydrogen  gas  when  moist,  forming  hydrochloric  acid  and 
carbonic  acid,  but  only  when  exposed  to  light.  (W,  Honry.) — tf.  Chlorine 
converts  the  oil  of  olefiant  gus  at  nnder  temperatures  into  chloride  of 
carbon  and  hydrochlonc  acid,  but  only  under  the  influence  of  light. 
(Faraday,)—;/^  Tbe  oil  of  olefiant  gas  covered  with  water  and  placed  in  the 
sunshine  is  resolved  into  hydrochloric  acid  and  acetic  ether  (Mit^scber- 
licb.) — ^Chlorine  converts  anhydrous  hydrocyanic  acid  nnder  the  infinence 
of  the  sun's  rays  into  hydrochloric  acid  and  solid  chloride  of  cyanogen  ;  it 
also  decomposes  mtiist  cyanide  of  mercury  in  tliflercnt  ways  accordingly  as 
light  is  concerne<l  in  the  action  or  not.  {Send las. )—/^,  The  brown  sola-  ! 
tion  of  iodine  in  absolute  alcohol  saturated  with  aulphnrous  acid  ga«  ^ 
deposits  crystalline  eulphur  when  exposed  to  sunshine.  (Bobereiner, 
Pnenmat,  Chein,  5,  72,) 

i.  Many  metallic  oxides  combined  with  acids  and  dissofvcfl  in  alcohol 
or  ether  give  up  oxygen,  only  under  tho  influence  of  light,  to  these 
organic  liquids,  and  are  thus  either  brought  to  a  lower  degree  of  fixidatiou 
or  reduced  to  the  metal  lie  t^tate*  Yellow  h  yd  rtichl  orate  of  |ieroxido  of 
uranium  dissolved  in  ether  is  converted  by  light  into  precipitated  dari^ 
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tydrocKlorato  of  protoxide  ef  uranium.  (Gchlen.)^ — Hydrocbl orate  of 
peroxide  of  iron  dissolved  in  ethsr  i«  resolved  under  wluto  imd  blue,  jiot 
under  red  glass,  into  hydrof^hlorute  of  protoxide  of  iron*  (A.  Vf»/?el.) — 
Red  sulph-hydrocyanate  of  jmroxide  of  iron  is  converted  into  colourleaa 
snlph-hydrocyannte  of  protoxide  of  iron  (in  the  focus  of  a  concave  mirror 
in  m  few  minutes, — more  quickly  by  the  bluiab  green  ray  of  the  sfiectrum 
than  by  any  other — and  even  by  the  light  of  an  Argan<i  lamp  placed  at 
tbc  distance  of  an  inch.  (Grottbuss.) — Hydrochlorate  of  protoxide  of 
copper  dissolved  in  alcohol  or  ether  is  reduced  to  dicbloride  of  copper. 
(Cfcblen,  Neumann,  Sf:Im.  13,  358.) — Hydrochlorate  of  protoxide  of 
mercury  (corrosive  snbliuiate)  ia  converted  under  white  or  blue,  hut  not 
nnder  red  glass,  into  ciilomeL  (A,  Vogeh)— Hydrochlorate  of  oxide  uf 
gold  dissolved  in  ether  or  alcohol  m  (Itscolonred  on  exposure  to  lii^ht,  and 
accord in>r  to  Grolthuss,  most  quickly  in  the  blue  ray,  metallic  grdd  being 
aeparated; — also  by'lrochloratc  of  oxide  of  platinum  dis»ol?ed  in  etlier 
depesits  a  email  quantity  of  platinum  when  exposed  to  lights  and  is  at  the 
aaine  time  considerably  decolorized,  (Gehlen,) — k.  The  red  aqueoiig 
solution  of  oxalate  of  eesqni-oxide  of  manganese  loses  its  colour  when 
exposed  to  sunshine  (slowly  in  blue  and  violet  light)  and  i»  converted  into 
carbonic  acid  and  oxalate  of  protoxide  of  manganese.  (Dbbereiner.) — 
Aqueous  oxalate  of  peroxide  of  iron  is  resolveil,  when  expo-^ed  to  tho 
direct  rays  of  the  sun,  into  carbonic  acid  and  oxalate  of  protoxide  of  iron. 
The  change  also  take?*  place  in  violet  and  blue,  but  not  in  yellow  or  red 
light,  neither  is  it  produced  by  boiling.  ( DiiWrei ner, ) — Oxalic  acid 
added  to  iiqueous  flolntions  of  hydrochlorate  of  oxide  of  gohb  hydro- 
chlorate of  oxide  of  platinum,  and  amnionio-chlorido  of  iridium,  precipi- 
tates the  metal  and  generates  carbonic  acid.  In  the  ca^e  of  iridium,  tho 
action  cannot  be  replaced  by  that  of  a  boiling  heat.  (Dobcreiner,  Sckto. 
62,  90;) — An  aqueous  sobition  of  tartrate  of  peroxide  of  iron  and  potash, 
cental uiog  copper,  deposit.^  metallic  copper  on  the  side  exposed  to  light, 
(Elinnantt,  ReperL  49^  112.) — I.  Many  other  organic  snhstances  also  take 
oxygen  from  metallic  oxides  dissolved  in  acidi«,  only  when  their  action  is 
aesiJ^ted  by  light.  Thus,  charcoal  and  oils  precipitate  tho  pure  metals 
from  gold  and  sih^er  solutions  only  when  exposed  to  light  or  at  a  boiling 
heat.  (Rumford.)  Linen  marked  with  nitrate  of  oxide  of  silver  blackens 
only  when  exposed  to  light.  Paper  moi&iteued  with  solution  of  gold 
reddens  in  presence  of  light,^ — and  likewise  in  the  dark,  when  it  has  been 
exposed  to  light  till  the  reddening  luis  commenced.     (Seelieck.) 

m.  Light  favours  the  combination  of  the  oxygen  of  the  atmosphere 
with  the  carbon  and  hydrogen  of  organic  substances,  by  which  ih^y  are 
more  or  less  decomposed  and  altered.  In  this  manner  may  be  explaiuetl 
the  decoiorization  and  rotting  of  fabrics  coloured  with  safflowcr,  logwood, 
Brazil  wood,  turmeric,  and  woad  when  exposed  to  tho  sun — -an  ctTect  which, 
according  to  Gay-Lussac  &  Theuard,  is  likewise  produced  in  the  dark 
by  heating  them  to  lfiO"...200^  C,  with  access  of  air  [Chevrenra  inves- 
tigations on  the  behaviour  of  tissues  or  fabrics  dyed  with  various  colouring 
matters  and  placed  in  different  media:  vid.  Ann,  Chim.  PA;v«.  66^  71]; 
— the  decoloration  of  the  petals  of  Papaver  Rhea$^  which  according  to  A, 
Vogel  lakes  place  more  quickly  through  bine  than  through  white  glas*; — 
the  blanching  of  tho  blue  flowers  oiOlcIwrmm  sf/hextre,  which  takes  place 
more  rapidly  in  fine  than  in  dull  weather  (Pajot  Desoharmes,  J.  Pht^t.  Q5, 
112); — the  decoloration  of  the  green  tincture  obtained  by  digesting  tho 
green  leaves  of  plants  in  alcohol  (this  tincture,  according  to  Grotthuss 
retaiiu  its  colour  longest  in  the  blue-green  ray  of  the  spectrum); — the 
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decoloration  of  the  yellow  oils  of  linseed,  savin,  and  j>eppermint,  and  tbe 
yellow  colouring  of  bine  oil  of  camoroile  and  colourles*  oil  of  turpentine. — 
In  a  BiTOilar  manner  ma^  also  be  explained  tbe  green  colouring  of  yellow 
guiacum— eitber  pulYenxed  or  spread  upon  paper  by  means  of  an  alc^bolic 
solution — wben  exposed  either  to  colourless  or  violet  liffbt  in  a  glaas 
containing  air  or  oxygen  ms,  or  wben  strongly  beated,  whereaa  concen- 
trated red  ligbt  re«tore8  flie  yellow  colour.  (WoUaaton,  Gilb,  39,  291.) 
[See  ali*o  Herscbel,  PhU.  Mag.  J.  22,  5 J 

n.  The  blue  Bolution  of  icKlide  of  ftarcb  in  water  is  completely 
decobrlzed,  with  development  of  hydriodic  acid,  by  colourless  light  and 
by  tbe  yellow  and  green  ray  of  the  spectrum  (in  the  focua  of  a  concave 
mirror  the  effect  tates  place  id  a  few  minutes),— slightly  by  the  red  and 
blue,  anil  not  at  all  by  the  violet,  tbe  last  on  the  contrary  counteracting 
tbe  decolorizing  action  of  daylight.     (Grotthnss.) 

o.  The  green  part^  of  living  plants,  under  the  influence  of  light 
decompose  carbonic  acid,  lil>erating  oxygen  gas  from  it  and  retaining  the 
carbon,  whicb  enters  into  organic  combinatioufl.  In  this  ca*e  also  the 
violet  api^ars  to  be  the  most  active  of  tbe  coloured  rays,  whilst  under 
yellow  glass  plants  become  paler,  (Senebier,  Tessier.)  Moonlight  and 
candle-light  appear  also,  according  to  Tessier  and  Vasalli^  to  have  some 
effect. 

C»  Decompontiotii  produced  b^  Li^U, 

a.  Salts  containing  water  of  crystallization  lose  it  wben  exp^ised  to 
tbe  sun,  and  nmch  more  quickly  liehind  blue  than  behind  red  glass. 
(A.  VogcL) 

6.  Concentrated  nitric  acid  is  decomposed  by  exposure  to  ligbt  (as 
also  by  a  red  heat)  into  oxygen  gaa  and  byponitnc  acid,  N  0*  (Scheele); 
and  according  to  Seel>eck^  this  effect  is  produced  bi?lund  white  and  blue, 
but  not  behind  orange-coloured  glass. 

c.  Many  metaHic  oxides,  when  exposed  to  light,  give  up  the  whole  or  a 
part  of  their  oxygen,  and  are  resolved  into  pure  metal  and  a  higher 
oxide.  Thus,  brown  peroxide  of  lead  is  ret^olved  into  oxygen  gas  and 
red  lead  {the  latter  becomes  of  a  darker  colour  by  the  long  continued 
action  of  light:  the  cause  of  this  phenomenon  remainii  to  be  discovered); — 
grey  oxide  of  mercury  is  resolved  into  metallic  mercury  and  red  oxide; — 
the  red  oxide,  under  water,  is  decomposed,  according  to  Seebeck,  into 
mercury,  grey  oxide,  and  oxygen  gas,  provided  that  the  light  comes  to  it 
through  colourless  or  blue  glass,  not  through  red; — (ilry  red  oxide  of 
mercury  loses  in  four  m*>nths  under  colourlct^a  glass  Of),  under  violet  0*'>, 
under  green  02  and  under  red  0^1  per  cent*  of  oxygen  acquiring  at  the 
same  time  a  grey  colour,  which  is  strongest  under  colourless,  and  scarcely 
observable  under  red  glass.  Dnfl.) — Oxide  of  eiher  is  resolved  into 
silver  and  oxygen  gas;— csarbonate  of  silver  into  silver,  oxygen  and 
carbonic  acid  gas; — (pyropboepliate  of  silver  bLtckens  on  exposure  to  the 
light); — oxide  of  gold  into  gold  and  oxygen  gas.  {Scbeele.) — Manganic 
acid  dissolved  in  water  and  exposed  to  sunshine  slowly  deposits  peroxide 
of  manganesCi  while  oxygen  gas  is  set  free,     (Frondierz.) 

d.  Protochloride  of  raercuirdiseolved  in  water  is  resolved  in  sunshine 
into  dichloride  of  mercury,  bydrochloric  acid,  and  oxygen  gas.  (BouUay.) 
— Tcrchlorido  of  gold  clissolved  in  water  deposits  flakes  of  gold  when 
eXfios*^d  in  the  sun.     (Scbeele.) 

f.  White  clilorido  of  silver,  a«  obtained  by  precipitating  nitrate  of 
silrer  with  hydrochloric  acid  or  a  soluble  chloride,  chatigcs  when  exposed 
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to  tho  <lirect  rays  of  tlie  eun  or  to  ordinary  ilayliglit,  first  to  riolet  and 
then  to  bljick,  giving  up  at  the  same  time  a  portion  of  its  chlorine. — 
Acconliiig  to  VassilJi,  this  change  of  colour  takes  place  in  moonlight  con- 
centrated by  a  powerful  !on«j — -but  according  to  Gay-Lneeac  it  does  not. 
(An fir  Chhn.  Phf/s.  iii,  215.) — Tho  chloride  of  silver  l>ecoinea  coloured  in 
the  light  difl'nsed  by  a  cylinder  of  lime  on  which  the  flame  of  a  spirit- 
lamp  fed  by  a  stream  of  oxygen  gas  i^  directetl,  (Drumniond,  E(L  J.  of 
Sc,  9,  319;  Poc/r/,  9,  172;  aim  ^'ckw.  48,  434.) — It  likewise  blackens  in 
the  light  of  the  twyer  of  a  cast  iron  furnace  fed  with  coke.  (Mallet, 
Phil,  Mag,  J.  14,  47o.)^ — It  does  not  become  coloured  in  the  very  bright 
light  produced  by  the  combustion  of  olefiant  ga^,  (Brando,  Ann.  Chinu 
Phtfs,  10,205.) 

Chloride  of  silver  precipitated  in  a  finely  divided  state  upon  paper  is 
peculiarly  sensitive  to  the  action  of  light. 

Daguerves  VMorldc  of  Silver  Paper . — Thin  or  unsized  paper  is 
gat  united,  either  by  immeri*ion  or  by  means  of  a  painting  brash,  with 
hydrochloric  ether  which  has  become  somewhat  acid  by  long  standing;  it 
is  then  dried  at  the  ordinary  temperature  of  the  air  or  a  little  above  it, 
dipped  in  a  solution  of  nitrato  of  silver — or  else  the  solution  is  merely 
applied  to  the  surface^and  dried  in  the  dark  at  a  very  gentle  heat 
(liecatisc  while  yet  damp^  it  is  not  blackened  by  the  calorific  rays  of  non- 
luminous  bodies)  and  kept  closely  pressed  in  a  portfolio  to  preserve  it  from 
light  and  air.  This  i>aper  when  exposed  to  day-light  blackens  very 
quickly:  its  sensibility  is  diminished  by  age.  According  to  the  kind  of 
[taper  used  and  the  liquid — whether  hydrochloric  ether  or  some  other 
liquid  contain  in  ST  chlorine^  with  which  it  has  been  wetted,  the  coloura 
produced  by  the  light  exhiliit  different  tones.  This  paper  bkckena 
slowly  and  faintly  in  the  light  of  a  Locatelli^s  lamp  with  two  wicks:  still 
more  faintly  from  the  rays  of  iron  heated  below  redness,  provided  these 
rays  have  not  passed  through  a  gla^s-plate;  not  by  the  rays  from  a  vess^el 
filled  with  boiling  water,  nor  by  rejieated  electric  discharges,     {Biot,} 

TaiboC»  Chloride  of  Silver  Paper. — Good  writing  paper  ia  steeled  in 
solution  of  common  salt,  wiped  dry  in  order  to  spread  the  salt  unitorndy 
over  it,  washed  on  one  f^ide  with  solution  of  nitrate  of  silver,  and  dried  by 
the  fire.  The  paper  loses  its  sensihility  in  a  few  weeks,  but  regainf^  it  on 
being  again  washed  with  nitrate  of  silver,  and  in  a  still  higher  degree  hy 
being  alteniately  dipped  in  solution  of  cominon  salt,  moistened  with 
nitrate  of  silver,  antl  dried.  When  a  light-picture  has  been  produced  on 
this  paper,  it  is  imme<liately  washed  witli  solution  of  common  salt  or  iodide 
of  potassium,  to  prevent  the  rest  of  the  paper  from  blackening. 

Paper  dipped  in  solution  of  chloride  of  biirium  and  afterwartls  in 
nitrate  of  silver  is  very  susceptible,  and  becomes  coloured  in  five  minutes 
in  a  strong  gas-light  flame.     /Hunt.) 

If  tho  light  from  a  cloudotl  sky  be  allowed  to  fallen  Da^uerre's  paper, 
either  directly  or  through  plates  of  diflVrent  colourless  bodies,  it  is  found 
that  the  blackening  is  least  diminished  when  the  plate  consists  of  gypsum 
(Fraueneis);  then  follows  rock-crystal,  then  white,  then  colourless  glass, 
and  lastly,  animal  gelatine*     {Glm-pnpier.) 

When  sunlight  falls  on  chloride  of  silver  paper  after  passing  through 
glass  Cisterns  containing  various  colourless  liquids,  the  blackening  is 
accelerated  if  the  cistern  contains  water  instead  of  air,  but  with  other 
fluids  it  is  either  retarded  or  unaltered-  If  the  retarding  influence  of  air 
l>e  assumed  =:  I,  that  of  water  =  0*7045;  of  hydrochloric  acid  of  tip.  gr. 
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1*1907,  it  IB  ^luU  to  1*2344;  of  nitric  &eid  of  1-355  ^  gr.  it  is  1*4^72; 
of  t}ul|iliaret  of  carbon  liOGi;  of  oil  of  copaiba  1'7044;  of  oil  of  tar- 
peotine  1*7644;  of  hydrobenzovl  20034;  of  oil  of  lemona  2*8258;  of  oil 
of  roaemaiy  30172;  of  oil  of  mrender  3*1405;  aod  of  creosote?  39597. 
No  ftctioo  is  exerted  hy  gkcial  acetic  acid,  wood-spirit,  acetate  of  metfajl, 
beujBoate  of  methylp  absolute  alcohol,  etber^  oxalic  ether,  acetic  etber, 
acetonei  oil  of  oleiiaiit  gsus,  or  chloride  of  benzoyl.     (Malagaii*) 

Of  all  eub«t&Doet  hitherto  examined,  the  following  give  the  freeti 
paaaage  to  the  chemical  rays:  Air  and  other  colourless  gases,  aqueous 
Tapour,  water,  alcohol,  and  ether. — Then  follow:  (2).  Oil  of  TitroK  nitno 
acid,  nitre,  carbonate  of  eoda,  double  refracting  qtar,  English  plate-glaas, 
aqueoua  hydrocyanic  acid,  and  camphor. — (3).  The  yapours  of  iodine  and 
hyponitrio  acid^ — alum,  red  fluor-q)ar,  crown -glass,  flint-glajes^  French  and 
German  plate-glass,  mica,  and  gum-arabic,*--(4)»  Other  kinds  of  plate, 
flint,  and  crown-glaas,  green  flaor-epar,  creosote,  oils  of  anise,  caraway, 
peppermint,  lavender,  rosemajy,  sayine,  and  violet,  Canada  baUam  and 
amber. — (5)*  Least  pervious  to  the  chemical  rays  are  green  bottle-glass, 
chlorine  gaa,  oxide  of  chlorine  ^aa,  vapour  of  bromine,  liquid  bromine,  and 
glaas  sli^tly  imoked.     ( U un L) 

Of  all  the  mjB  of  the  spectrum  the  riolet  has  the  greatest  blackening 
power.  (Scheele,  Von  der  Luft  imd  dem  Feu^r,  72.)  When  ;>aper 
covered  with  chloride  of  silver  is  exposed  to  the  luminous  spectrum,  it 
becomes  retldish  brown  beyond  and  In  the  violet  rays^  blue  or  bluish 
grey  in  the  blue,  very  slightly  yellow  or  not  at  all  coloured  in  the  yellow, 
rcddijsh  in  the  red,  faintly  reddish  beyond  the  red; — ^moreover,  with 
flint-glass  prising,  which  give  the  niaxiiiuim  of  heating  power  beyond  the 
red  ray,  the  reddening  of  the  chloride  of  silver  aIi?o  takes  place  beyond 
the  red.  (Seebcck.)  Chloride  of  silver  which  has  become  grey  from 
exposure  to  daylight,  turns  paler  ami  reddbh  after  a  time  in  the  red  ray; 
in  the  red  produced  by  the  union  of  the  violet  of  one  spectrum  with  the 
red  of  another,  the  chloride  of  silver  becomes  of  a  beautiful  crimson  red, 
(Seebeck,)— The  part  of  the  spectrum  from  the  red  to  the  green,  concen- 
trated by  a  lens,  gives  a  dazzling  focus  which  does  not  blacken  chloride  of 
silver  even  in  two  hours.     (Berard.) 

The  spectrum  likewise  exhihits  chemical  eflects  beyond  the  violet  ray, 
as  was  discovered  by  Hitter  and  established  hy  Wollae^ton.  According  to 
Berard,  the  extreme  edge  of  the  violet  shows  the  strongest  chemical 
action.  The  following  experiments  however  show  thj.t  the  point  of 
greatest  action  varies  with  the  nature  of  the  prism, 

Wljun  the  rays  of  the  sun  are  made  to  full  by  means  of  a  heliostat 
through  prisms  of  different  kinds,  on  paper  which  ha.s  been  moistened 
with  gum- water  and  then  sprinkled  with  powdered  chloride  of  silver,  the 
blackening  takes  place  with  different  degrees  of  quickness  and  extends 
over  different  spaces,  according  to  the  nature  of  the  prism:  the  maximum 
effect  is  also  produced  at  different  parts  of  the  spectrum. 

Bh,  denotes  bright  blue,  Bl.  blue,  V.  violet,  E,  edge  of  the  violet,  D, 
dark  space  beyond  the  violet,  Bd.  border, 

A.  Material  of  the  prism. — B*  Time  at  which  the  blackening  begins. 
— C.  Intensity  of  hlackening.— D.  Extent  in  lines  of  the  blackening, — 
Et  Boundaries  of  the  blackening. — F.  Point  of  greatest  blackening. 
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From  tbis  it  appears  that  tlie  position  of  tbo  maximinii  of  bLickening 
depends  iseitlier  oa  the  doDfiity  of  the  refracting  medium  nor  on  its 
rcfnif'tive  or  dispersive  power.     (Hes^ler.) 

Chloride  of  silver  hlackeus  under  violet,  blue,  and  bluish  green 
glasses:  under  yellowish  green  and  yellow  glaa.ses  it  remains  almost 
unchanged,  under  orange-coloured  glass  it  acqnirea  only  a  faint  red  tint 
after  a  conBiderable  time :  chloride  of  eilver  blackened  by  light  soon 
l>ecomes  lighter  and  of  a  dirty  yellow  or  red  colour  when  placed  under 
orange  coloured  gla.^s,     (Seeheck.) 

Chloride  of  silver  paper  does  not  becorao  coloured  in  sunlight  which 
has  pa88e<l  tliroiigb  the  following  yellow  liquids,  oven  when  it  is  coneen- 
tratetl  by  a  lene:  ecdntion  ui  neutnil  chroniate  of  pota«h,  of  quia  to- 
^ulphuret  of  ammoniani,  of  (juinto-»nlp!inret  of  ciilcinm,  of  eeHqiii-cbloride 
of  irout  of  terchloride  of  gold,  or  bichloride  of  platinum,  also  yellow 
vegetable  infusions.  Under  a  solution  of  bichromate  of  potash  it  boct>fnes 
in  live  days  of  a  pale  yellow  green;  under  a  solution  of  red  ferrocyanlde  of 
potassium  it  becomes  of  a  tile-red,  and  under  anmioniuret  of  copper  of  a 
greenish  brown  tint,     (Drajier,  Phil.  Maff.  J.  16,  81.) 

According  to  the  nature  of  tlie  chloride  used  to  satnmie  the  iiaper, 
which  is  afterwards  dipped  in  silver  solatitmj  the  chloride  of  silver 
acquires  various  colours  under  different  coloured  glasses : 


Under  blue 

green 

yellow 

red  glass  : 

Sal-ammoniac    ...,.« 

olive  brown 

pale  brown 

brown 

deep  orange 

ChloriiJe  of  potassium 

bright  purple 

sky  blue 

brij^ht  violet 

red 

Cblofide  of  sodium    . , 

purple 

bine 

Tiolet 

red -brown 

Chloride  of  hariam     . . 

purjjle 

bkck 

red -brown 

pale  red 

Chloride  of  ralcinm  . . 

rich  violet 

pale  blue 

blue 

redtliab 

Chloride  of  manganese 

ricb  brown 

reddish 

pale  rose 

yellow 
Uden 

Proto-chlor.  iron   * , , , 

red 

eolciurless 

pale  red 

Sesqni-chlor.  iron  ., . ^ 

blue 

yellowwh 

ttraw- coloured 

yellow  green 

Paper  prepared  with  chloride  of  barinm  is  c(donred  yellow  by  light 
which  passes  through  chlorine  gas,  and  red  by  that  which  parses  through 
Tapour  of  liyponitric  aciii.  Light  pasfling  through  bromine  vapour  doei 
not  colour  paper  prepared  with  eal-ammoniac*     (Hunt.) 


17* 


usm* 


iWr 


w«]r  *»  tfae  eliJfinii«. 

Icidiile  ill  aslvcr  pT^pitAiQit  bjT  todJ4e  of  potJMWilM  friMi  ititimt#  of 
i9f  cr,  ^fSiia^  ud  dfbJr  w^^aa  ^Jorwlj  wiieii  expoAid  to  fi^t,  modnt 
md&nkom  m  Um  ^mmU  wben  irj,  Wt  if  Veiled  re^mea  ita  jvlkw  c<ol«»iir 
in  till*  <brk,     (HmitO 

IJayu^rr/*  Hr^miik  ^f  Siiver  Fmper.     Tlie  papr  it  firrt  i 
wiili  MaloltoQ  of  ntror,  thio  whii  eotutina  of  br^omiile  ^f  potafmaiDj  i 
i|^ki  witli  ioliltion  nf  atlr^^  and  dried  sfter  each  o|)eTalioil.     Hub 
li  ivitisiiiklo  to  hmi,  boi  very  «eiieitiTe  to  Itghi,  in  wbieli  it  beoonmailaiutd 
int  IdaUb  frees,  thes  olire  0«ea,  ftitd  SdaIIj  ^Im^wt  bkek. 

UtmtM  i&Mm  jf  Sliwi  Pag0»*r<     The  paf>er  i*  first  moistened  mtli  & 

of  1  i>art  of  nitrate  of  Mirer  in  58  part«  of  water.  This  paper  is  rerj 
delicate.  In  white  light  it  becomes  brown,  under  solution  of  anunoniorei 
of  copper,  a  rich  light  blue,  under  solution  of  acetate  of  copper,  brown, 
under  solution  of  sesqui-chloride  of  iron,  green,  and  under  solution  of 
carmine  in  aqueous  ammonia,  brown-red.     (Hunt.) 

%  Talbot's  Calotype  Process. — A  sheet  of  the  best  writing  paper  of 
smofith  surface  and  close^  even  texture,  is  washed  by  means  of  a  soft  brush 
with  a  solution  of  50  gr.  of  crystallized  nitrate  of  silver  in  one  ounce  of 
distilled  water^  and  then  dried— either  by  holding  it  at  some  distance  before 
a  fire,  or  by  spontaneous  evaporation  in  a  dark  room.  When  dry  or 
nearly  so,  it  is  immersed  for  two  or  three  minutes  in  a  solution  of  iodide 
of  jiotassium,  containing  500  grains  of  that  salt  in  a  pint  of  water.  It  is 
then  immersed  in  water  for  a  quarter  of  an  hour,  lightly  dried  with  blot- 
ting paper,  and  the  drying  completed  by  holding  it  near  a  fire.  All  these 
ofierations  are  best  performed  by  candle  light.  The  paper  thus  prepared 
is  called  iodized  paper;  it  is  not  sensitive  to  light,  and  may  be  preserved 
for  any  length  of  time  without  change.  When  required  for  use,  it  is  to 
be  washed  with  a  liquid  prepared  by  dissolving  100  gr.  of  crystallized 
nitrate  of  silver  in  2  oz.  of  distilled  water,  adding  to  the  solution  its  own 
volume  of  strong  acetic  acid,  and  mixing  the  liquid  thus  formed  with  from 
one  to  twenty  volumes  of  a  saturated  solution  of  crystallized  gallic  acid 
in  cold  distilled  water.  It  is  best  to  mix  these  liquids  in  small  quantities 
at  a  time,  as  the  mixture  does  not  keep  long  without  spoiling.  This  solu- 
tion (which  Mr.  Talbot  calls  the  gallo-nitrate  of  silver)  is  to  be  washed 
ovejiJilA  paper  on  the  side  previously  iodized,  and  after  the  liquid  has 
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been  allowed  to  remain  on  it  for  half  a  iniimte,  it  must  l>c  dried  lijajbtly 
with  blotting  papen  Thia  opemfion  requires  tlie  total  exclusion  of 
daylight,  I'lie  paper  prepared  in  t\m  manner  is  exquisitely  sensitiFe, 
eatpjiiure  of  le^a  than  a  second  in  iliffused  daylight  being  quite  sufficient 
to  produce  a  decided  eflect  upon  it. 

The  calotype  paper  may  be  used  for  taking  portniita  from  the  life  by 
Tneane  of  the  camera  obsrnra.  It  is  the  only  paper  yet  diwcoverecl  sufti- 
ciently  sensitive  fur  this  purpose.  When  properly  prepared,  it  yields 
pictures  of  exquisite  beauty  aud  fidelity.  It  likewise  serves  for  taking 
representations  of  buildings,  scenery,  &.c.  The  picture,  as  first  produced, 
is  generally  latent  and  invisible,  but  may  be  brought  out  immediately  by 
again  washing  the  paper  with  a  mixture  of  1  part  of  the  silver  solution 
with  B  parts  of  the  saturated  solution  of  gallic  aeixL  In  cold  weather, 
the  development  of  the  picture  may  be  acceh^rrae<l  by  holding  it  over  a 
basin  of  hot  water. — The  picture  being  thus  obtained,  it  is  to  lie  fixed 
by  washing  in  clean  watery  lightly  drying  between  blntting  paper,  and 
then  washing  it  over  with  a  s<dution  of  bromide  of  potassium,  containing 
100  gr.  of  that  salt  in  8  or  10  ounces  of  water:  after  a  minute  or  two,  it 
is  to  be  again  well  wnshed  with  water  and  then  finally  dried.  Where 
brondde  of  potassium  is  not  at  hand,  a  strong  solution  of  common  salt 
may  he  used  in  its  stead. 

The  calotype  picture  is  a  negative  one, — but  positive  copies  may  \m 
obtained  from  it  by  placing  it  with  its  face  against  the  sensitive  side  of  a 
piece  of  ordinary  photographic  paper  (Talbot's  chloride  of  silver  jiaper 
already  described),  pressing  it  into  ch»se  coutiict  by  a  board  below  and  a 
glass  above,  and  exposing  it  for  a  short  time  to  good  sunshine. — A  more 
sensitive  ct^pying  paper  may  he  prepartMl  by  soaking  letter  paper  for  a 
minute  in  a  t^olulion  of  salt  and  water — ^one  o;?.  of  salt  to  a  gallon  of 
water^ — drying  it,  anil  then  wushing  it  over  with  a  mixture  !nade  by 
adding  to  a  solution  of  70  grains  of  nitrate  of  silver  in  an  ounce  of  water 
sufficient  caustic  ammonia  to  nearly  redia^olve  the  precipitate  at  first 
produced. — The  positive  pictures  are  fixed  by  washing  in  water  and 
immersion  for  ten  minutes  in  a  solution  of  hypot<ulphite  of  soda  (1  oz.  to 
a  pint  of  water)- — then  finally  washing  find  dryings 

Since  the  ealotypo  w^ai*  first  patented,  some  further  improvements 
have  been  made  by  Mr.  Talbot,  among  w^hich  may  he  mentioued:  1,  The 
removal  of  the  yellowish  tint  of  the  iodide  of  silver  from  the  paper,  by 
immersing  the  picture  for  about  ten  ini nates  in  a  bath  consisting  of  a 
solution  of  hyjKisulphite  of  soda  in  ten  times  its  weight  of  water  and 
heated   nearly  to   the   boiling  point, — then  well  \vashing  and  drying  it. 

[A  stronger  solution  of  the  hyposulphite  may  also  be  used  cold,  the  paper 
tcing  immerseil  in  it  for  a  longer  time :  this  w ill  he  found  the  more  con- 
venient method  of  the  two]  After  this,  the  picture  is  placed  upon  a  hot 
iron  and  wax  melted  into  its  pores  to  increase  its  transparency.  The 
excess  of  wax  is  remove*!  by  pressing  between  blotting  puper  with  a  hot 
iron. — 2,  Uendering  the  calotyjte  paper  more  sensitive  by  placing  a  warm 
iron  behiml  it  in  the  camera  wdiile  the  light  is  acting  upon  it.— *3.  The 
improvement  of  photographic  drawings  by  exposing  them  twice  the  u?nal 
time  to  the  action  of  sunlight.  The  shadows  are  thus  rendered  too  dark 
and  the  lights  are  not  sufficiently  while.  The  drawing  is  then  ^vasbed, 
and  plunged  into  a  bath  of  iodide  of  potassium  of  the  strength  of  oOO 
grains  to  a  pint  of  water^  and  allowed  to  remain  in  it  for  a  minute  or  two, 
which  makes  the  picture  brighter  and  causes  its  lights  to  assume  a  |>alo 
yellow  tint.     It  is  then  washed,  and  immersed  in  a  hot  bath  of  hjrposul- 


L 


178  LIGHT,  '^ 

pbite  of  BodsL,  till  iLe  pale  yellow  tint  is  removed  and  the  lights  remain 
qiiito  wljite.  Tiio  pictures  thus  finished  have  a  pleasing  and  peculiar 
effect.     [Fur  the  other  impravenient^,  vid.  Huiit*»  Et9€arche4  on  Light. ^ 

Various  other  processes  have  likewise  heen  deviseii  for  taking  sun- 
pictures  on  paper.  Sir  John  Hcrwclicl  has  ohtained  some  reniarkahle 
results  with  i>apcr  wajshed  with  solution  of  amnion io-cit rate  of  iron. 
Paper  thus  prepared  is  very  sensitive  to  light,  but  the  pictures  impressed 
upon  it  are  faint  and  sometimes  scarcely  vi.sihle :  they  may  however  he 
brought  out  very  strongly  and  clearly  by  washing  the  paper,  after  expo- 
sure to  light,  with  various  li(|uids,  ejj,  a  neutral  ^solution  of  gold  {Ckiyso- 
typ^) — and  various  cnrapounds  of  cyanogen,  ferrocyunide  of  potassium,  &c, 
(C^anof^pe),  These  processes  will  be  found  fully  described  in  Sir  John 
Herschers  memoirs  {FkiL  Tram.  1842,  If^  181,  and  1843,  I,  1),  also  in 
Hunts  I^ettearc/us  on  Light,  pp.  137^ — 149.  The  latter  work  likewise 
contains  a  detailed  account  of  the  action  of  light  on  various  compounds  of 
silver,  also  on  salts  of  gold,  platinum,  mercury,  iron,  copper,  manganese, 
lead,  nickelj  tin,  cobalt,  antimouy,  and  chromium. — The  eatoti/pe  process 
is  however  the  only  one  which  has  heou  brought  iuto  actual  use  for 
obtaining  sue-picturea  on  paper.     H 

Da^uerreoti/pe,  A  silvered  copper  plate  is  carefully  polished  with 
pumice-stone,  dilute  nitric  acid,  and  cotton,  and  placed  in  a  box  at  the 
ordinary  temperature  over  iodine,  till  the  vapours  of  the  iodine  have 
covered  it  with  a  yellow  film  of  iodide  of  silver  It  is  then  placed  for 
some  minutes  in  the  camera  ohscura^  which  allows  the  illuminated  picture 
of  an  object  to  fall  upou  the  place.  (The  light  which  falls  on  the  plate 
probably  separates  iodine  from  the  iodide  of  silver  and  sets  silver  free, 
chiefly  on  those  parts  where  its  action  is  most  intense*)  The  plate,  ou 
which  no  alteration  is  perceptible,  is  now  placed  in  a  dark  covered  box  at 
an  angle  of  45"*  over  a  vessel  containing  mercury  heated  to  7/5  C.  (167^ 
Fab.)  till  the  desired  shading  is  produced.  (The  mercury  which  rises  in 
vapour  does  not  adhere  to  the  portion  of  the  surface  covered  with  un de- 
composed iodide  of  silver,  but  only  to  the  silver  which  has  been  set  free 
by  the  action  of  light,  with  which  it  forms  an  amalgam  in  drops  about  ^^^ 
millimetre  in  diameter.  Lastly,  the  plate  is  immersed  in  a  solution  of 
hyposulphite  of  soda,  then  washed  with  hot  water  and  dried.  (Daguerre.) 
— (The  hyposulphite  of  soda  dissolves  all  the  iodide  of  silver;  consequently, 
on  those  parts  of  the  plate  on  which  the  light  in  the  camera  obscura  baa 
not  acted,  there  remains  clean  polished  silver,  which,  when  the  light  falls 
properly  upon  it,  iippears  black  :  on  the  other  parts,  according  to  the 
intensity  with  which  the  light  has  acted  on  them,  there  exist  various 
numbers  of  amalgamated  globules,  which,  by  tlieir  greater  brightness, 
bring  out  the  contrast  of  tlio  picture.) — If  a  plate  of  silver  polished  as 
above  be  partly  covered  with  paper  and  exposed  to  vapour  of  mercury, 
the  same  contrast  is  seen  on  removing  the  paper.  (Fyfev)^lf  the  iodized 
plate  be  covered  with  different  coloured  glass  plates  and  then  introduced 
into  the  camera  obscura,  a  perfect  picture  will  be  obtained  with  blue 
glass,  a  tolerably  gtmd  one  with  yellow,  and  none  at  all  with  red  or  green, 
Ammoniuret  of  copper  acts  Hko  blue  gla^s,  se.^(jui- chloride  of  iron  like 
yellow,  acetate  of  copper  like  green;  on  the  other  hand,  the  red  solution 
of  carmine  in  ammonia  gives  a  faint  picture  in  which  the  mercury  exhibits 
a  red  colour.  (llunt») — Instead  of  the  tedious  polishing  of  the  plate  witlt 
nitric  acid  and  pumice-stone,  it  may  also  be  gently  rubbed  with  an 
aijueous  solution  of  iodido  of  potassium  contaiuing  a  iiltJe  excels  of  iodine^ 
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till  all  the  parts  are  equally  attacked,  then  exposed  to  the  light  for  some 
minutea  and  polished  with  dry  cotton,  (Huut.)-^!!  the  plate  be  exposed 
to  the  vapours  of  chloride^  hnmiide,  &c.  of  iodine^  in&tead  of  those  of  pure 
iodine^  it  requtreij  hut  a  few  8ecoudb^  iihimi nation  in  the  camera,  and  thua 
becomes  adapted  fur  taking  portraits.  (Berres,) — ^In  order  to  obtain 
more  distinct  aliading,  Fizeau  spreads  upon  the  plate  prepared  by 
Dag^uerre'g  method,  a  solution  of  1  part  of  chloride  of  gold,  and  3  parts  of 
hyposulphite  of  eoda  in  10(10  parts  of  water,  and  heats  it  gently  for  a 
minute  or  two.  The  gold  wiucli  is  precipitated  from  the  fiilver  imparts  a 
deeper  black  to  it;  the  mercury  wbich  combines  with  it  makes  the  colour 
darker  and  more  stable.     [  Vid.  also  Daguerre,  Po«;^.  62,  80.] 

If  Thtnnographtj,  Moeer  {Pogg.  56,  177)  has  elxown  that :  A  surface 
whkh  ha9  been  touched  %  a  body  in  any  particular  part^  iKt^mres  the  pro- 
perty  of  precipitating  all  vapours  that  7nai/  adhere  to  it  or  which  combine 
chettucallt/  with  it  on  those  parts^  differenthj  to  what  it  does  on  the  mitoudied 
parts. — Thus,  if-  we  write  on  glass  with  any  gubstance  that  will  not 
Bcratcli  the  surface,  and  then  breathe  upon  it,  the  writing  becomes  visible. 
Again,  on  placing  coins  upon  a  plate  of  glass  or  metal,  and  allowing  them 
to  remain  in  contact  for  some  hours,  no  change  is  visible  when  they  are 
removed:  but  by  breathing  on  the  plate,  or  exposing  it  to  any  vapour 
(that  of  mercury  or  iodine  for  instance),  beautiful  images  of  the  coins  are 
produced.  Absolute  contact  is  not  necessary  for  the  production  of  these 
images:  mere  proximity  is  sufficient.  The  general  law  of  the  pheno- 
menon may  lie  thus  expressed  ''  When  two  bodies  are  suficiently  ap- 
proxitfiatedy  they  mutually  depict  each  other,''  Moser  attributes  this  eflTect 
to  the  action  of  rays  of  light  which  are  imperceptible  to  our  eyes,  and 
applies  to  these  rays  the  somewhat  pamdoxieal  appellation  of  '^  Invimbk 
Light" — Hunt,  who  has  examined  these  phenomena  with  great  c^re,  finds 
that  to  produce  good  impressions  of  coin«,  Sec.  on  metal  platen,  it  is 
neoessaiT  to  use  di^imiiar  metals.  Thus,  when  a  sovereign,  a  chilling,  a 
large  silver  medal,  and  a  penny  were  placed  upon  a  polished  copper 
plate,  the  plate  gently  warmed  by  pa^jsing  a  spirit-lamp  under  its  surface, 
and  when  cold  exposed  to  the  vapour  of  mercury,  each  piece  bad  made 
its  impression, — but  those  made  by  the  gold  and  the  large  medal  were 
the  most  distinct,  the  lettering  being  copied  as  well  as  the  disc  traced 
out.  Impressions  of  still  greater  distinctness  were  obtained  when  the 
plate  was  more  strongly  heated. 

Those  experiments  seem  to  show  that  the  cah>rific  relations  of  the 
metals  materially  influence  the  result;  and  this  is  more  strikingly  ehowu 
by  the  following  arrangements. — Pieces  of  blue,  red,  and  orangecolourcd 
fi^lass,  also  of  crown  and  fiint  glass,  mica,  and  a  square  of  tracing  pay^er, 
being  laid  for  half  an  hour  on  a  plate  of  cof»pcr,  the  ^pace  occupied  by  the 
red  gloes  was  found  to  be  well  marked,  that  covered  by  the  orange  glass 
wiia  less  flisiinot,  but  the  blue  glai>s  left  no  impression.  The  shapes  of 
the  flint  ami  crown  glass  were  well  matle  out,  and  a  remarkably  strong 
impression  left  where  the  crown  glass  rested  on  the  tracing  paper,  but  the 
mica  had  nut  left  any  impression.  The  same  glaase-s,  together  with  a 
piece  of  well  *»moke<l  gladfl,  were  placeil  for  half  an  hour,  ^  of  an  iuch 
bekm  a  polished  plate  of  copper.  Vapour  of  mercury  brought  out  the 
image  of  the  smoked  glass  only. — All  those  glares  were  placed  on  the 
copper  and  slightly  warmed.  The  red  and  smoked  glasses  gave^  after 
TaporixatioD^  et^uaily  distinct  images:  the  orange  the  next:  the  others 
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left  but  faint  marka  of  tLeir  forms.     PollsLing  witli  Tripoli  and  putty 
pc»w4€?r  would  m>t  remove  the  images  of  the  s^moked  and  red  trlas^e*^. 

The  same  coloured  glasses,  Kc.»  were  plaeed,  torfetlier  with  a  thick 
piece  of  charcoal,  upon  a  plate  of  copper  and  exposed  to  fervent  sun.'^hine. 
Mercurial  vapour  brought  out  the  images  in  the  following  order:  Smoked 
gla*^,  crown  ghtss,  red  glai*8,  niiai,  orange  glass,  paper,  clmrcoiil,  the 
cfiin,  hluo  glasi;}, — thus  distinctly  proving  that  the  only  rays  which  had 
any  influence  on  the  metal  were  tho  calorific  rays*  For  this  rea-^on,  Mr. 
Htint  applies  the  terra  Th^irh^^raphy  to  the  production  of  imager  in  this 
manner. 

The  themiogra]thic  process  is  applicable  to  the  copying  of  engravings. 
An  account  of  the  method  will  he  found  in  Huut'a  lie^earchts  on  Lii/hl. 
p»  233.  Tlie  iaanio  work,  pp.  2X9 — ^242,  ahso  contains  a  variety  of  other 
interesting  (letails  relating  to  this  curious  mode  of  action.  [  VifL  also  An 
Ohef/t.  rharnu  48,  164.]     IT 

Solar  light  may  he  supposed  to  consii^t  of  three  kinds  of  rays, — ^tlie 
liratljiff^  the  luminous  ami  coloured ^  and  tJie  citcmknl  raijis, — the  first  of 
which  arc  the  least  and  the  last  tlie  most  refmngihle.  According  to  this 
view,  the  light  of  the  8un  refracted  hy  a  prism  produces  three  sjiectra:  in 
the  mid  til  0  the  Ihjht  and  cohur  itpgctnim;  on  the  one  side,  the  heat  sf>ec- 
Irmn  with  its  maximum  in  the  neighbourhood  of  the  red;  aud  on  the 
other,  the  chemical  spectrum  with  its  maximum  in  the  neighbourhood  of 
the  violet.  The  WLys  from  the  green  to  tho  red  likewise  exhibit  chemical 
act  ion  J  inasmuch  as  they  inijiart  a  somewhat  lighter  colour  to  chloride  of 
silver:  but  on  tho  other  hand,  they  seem  to  exhibit  an  action  contrary  to 
that  of  the  chemical  rays»  since  they  remove  the  blackening  from  chloride 
of  silver  which  has  been  acted  upon  by  white  light,  and  instantly  destroy 
tho  power  of  magnets  fV>nned  by  the  action  of  light.— The  assertion  of 
Grottliuss,  that  blue  iodide  of  starc!i  \h  inoj?l  nuickly  deeolorixed  by 
yellow  and  green  light,  atid  the  blood-red  alcohnlic  solution  of  sulpho- 
cyaniflo  of  iron  by  blue  and  green  light  (from  which  he  concludes  that  a 
ray  of  coloured  light  most  easily  decolorizes  substances  of  oppo.site  hue^ 
and  endeavours  ti^  impart  its  own  colour  to  them)  rci^uires  further  exami- 
nation, inasmuch  as  it  is  opiposed  to  the  experience  of  other  observers. 
Tho  same  maybe  said  of  Sir  11.  Davy's  assertion  {Ehm.  1,  187)  that  the 
red  ray  acts  on  a  mixture  of  chlorine  and  hydrogen  ga>ses  and  on  wet 
peroxide  of  lead,  m<*re  powerfully  than  the  other  coloured  ray?. 

Since  the  cheuiicril  rays  of  light  often  cause  the  separation  of  oxygen 
from  metals,  tlioy  have  been  called  de-rnddmng^  aud  those  towards  tho  red 
antl  t>f  the  spectrum^  oxidhimj  rayp ;  incorrectly  however,  since  the 
eheniical  rays  alsu  bring  alujut  tlio  cI)inl*ination  of  oxygen  with  guiacum 
and  cohiuring  nmtters,  of  cldoriuc  with  hydrogen,  &c. 

Many  of  the  changes  produced  by  light  may  also  he  brought  about  by 
slight  elevation  of  tcmj»erature  ■  e.ff,  the  efflorescence  of  salts  ;  many  by 
a  boiling  heat,  as  the  decomposition  of  most  metallic  salts  dissolved  in 
alcohol  or  etlier  (sulpho-cyanide  of  iron  dissolved  in  alcohol  is,  according 
to  Grotthu.'^s,  but  little  discoloured  by  boiling) ;  otiiers  again  by  a  tempe- 
rature of  from  150^  to  2110%  as  tho  coinhination  of  chlorine  witl^  hydrogen, 
and  the  bleaching  of  coloured  fabrics  exposed  to  the  air;  others  also  at  a 
red  heat,  at  which  light  may  likewise  as.si.st,— as  the  productiou  of  oxide 
of  phosphorus.  But  in  many  cases  the  action  of  light  cannot  be  replaced 
hy  that  of  heat.     Chloride  of  silver  doejj  ntit  blacken  even  at  a  red  heat, 
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at  which  it  melts  and  sublimee.  The  green  parts  of  plants  do  not  sepa- 
rate oxygen  from  carbonic  acid  at  any  temperaturp  in  the  absence  of 
light.  It  ia  also  to  be  r€iiinrke<l  tbat  the  rays  by  whicli  chemical  action  is 
pToducecl  are  not  the  hottest  but  the  coldest  rays  in  tlie  tipeetruni.  Heuce 
it  is  only  in  a  few  ca^ce  that  we  can  adopt  the  viewj*  of  Runiford  and  of 
Gay-Lussac  &  Thenard^  and  atiribnte  the  chemical  effects  of  light  to 
the  riifc  of  tetnperature  which  it  produces  on  coming  in  contact  witli 
ponderable  bodies. 

2.  Devtlopmeni  of  Li^Iit  hi/  Ponderable  Sithstancu. 

The  developTiient  of  light  id  either  vivid  and  attended  with  considera- 
ble riifo  of  temperature — Fir*; — t>r  it  in  faint  and  accompanied  by  little  or 
DO  development  ol  h^^ii^ Phosphorescence^  Luminosity, 

Am    Developmmt  of  Light  hy  the  mxiUiul  chmiical  action  of  Ponderable 

Bodies, 

a,  Dtvthpmtni  of  Liijht  as  a  consequence  of  actual  CJtemi^aJ  Combination. 

Many  ibubstances  whose  affinity  for  each  other  ia  considerable,— the 
elementary  bodies  therefore  most  of  all  (according  to  Law  2,  a,  p.  144), — - 
develop  light  and  heat  at  the  moment  of  combination.  The  element 
which  most  frequently  develope  light  and  heat  ia  combining  with  others 
it?  ttxygea;  and  the  act  of  it'*  combination  with  other  bodies  is  pre- 
cmineutly  denominated  ('o^nibiiation.  The  body  which,  next  to  oxygen, 
mo6t  commonly  produces  light  and  Ijcat  in  combining  with  others,  is 
chlorine;  next  follow  bromine  and  iodine;  then  selenium^  fiulphur,  and 
phufipborus. — Bat  few  compound  bodies  develop  light  in  combining  with 
others. — 'Hydrate  of  pota*h  or  soda  produces  light  in  combining  with 
sulphuric,  nitric,  or  concentrated  acetic  acid  dropt  upon  it;  baryta  or  limo 
with  water  or  one  of  the  acids  just  mentioned;  magnesia  with  tsulphuric  or 
nitric  acid.     (Heinrich,) 

The  light  mu.st  either  have  existed  ready  formed  in  one  or  both  of  the 
combining  bodies,  and  be  merely  separated  by  the  act  of  combination,  or 
it  must  be  evolved  during  the  combination  of  t lie  jKinderaWe  bodies  out  of 
imponderable  elements  contained  in  them;  on  the  latter  hypothesis,  it  is 
most  probable  tliat  one  kind  of  electricity  is  fcopplied  by  oxygen,  chlorine, 
&c,  and  the  other  by  the  metals  and  bodies  like  them.  1  Vid,  Develop- 
ffuni  of  Heat  m  the  chapter  on  Heat^  and  Ctftnbnstimt  in  the  chapter  on 
Ojrt/geii,] 


b*   Development  of  Light  as  a  eon^equence  of  probable  Chemical 
Combination, 

(<T.)  Phofixdiorcscenco  of  living  Organized  Bodies, 

I.  Phosphorescence  of  Living  Animals, 

The  pbospliorescence  of  these  animals  apjjoars  to  arise  from  tbis 
circunistant'e,^that  they  eliminate  a  peculiar  and  iu  most  ca^es  liquid 
%iibstnnce,  containing  phosphorus  or  some  other  element,  which  combines, 
at  common  temperatures,  with  the  oxygen  of  tlie  air  or  of  water  containing 
air,  producing  a  faint  luminoas  appearance^  Not  only  does  the  separa- 
tion of  ihiis  fluid  appear  to  depend  upon  the  life  of  the  animal,  but  its  will 
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eeeme  likewise  to  detennine  whether  the  fluid  eliall — partly  hj  meane  of 
Ihe  respiratory  procscss — come  in  contact  with  the  oxygen  of  the  air,  and 
thus  produce  a  development  of  light,  or  not  This  view  is  maintained  by 
Spallanzani,  Heinrich,  Treviranus,  and  Tiles  ins, — whilst  Carnidori  and 
Macartney  regard  this  luminosity  as  a  consequence  of  the  vital  process, 
anil  suppose  that  the  increased  luminosity  in  oxygen  gas  proceeds  from 
augmented  vital  activity,  and  the  diminution  of  light  in  other  media  from 
diminished  vital  energy.  But  since  the  liipiid  retains  its  laminoaity  even 
when  separated  from  tlto  living  animals,  and  the  animals  often  continue 
luminous  even  after  dealh^  the  vital  proccj^s  cannot  ho  the  immediate  cau5Q 
of  the  phnsphitre^scenee. 

The  animals  which  exhihit  phosphorescence  during  lite»  all  Lelong  to 
the  lower  class[^s,  principally  insects  and  worms. 

Ampkihin:  The  fresh  eggs  of /racer^ci  a^i7t«  (Hemrich),  and  of  some 
serpen  ts  (Langrche). 

FUkfi:  A  peculiar  kind  of  Leptocephahis,  The  bodies  of  dead  fish 
also  appear  phosphorescent  at  times.     (Langrebe,) 

InsecU.  K  CoUoptfra:  Elater  noctUuciis,  if/nitnSt  Lampadmn^  retro- 
spicienSy  luciduin^f  ntcfttanSy  Lncrnmla,  Speculator ^  Janus ^  pg^rophanus, 
Ittminosus^  lucena^  exlindit^^  Cticiffngy  Lvclfer^  anri  phosphortns;  Lampt/ri^ 
no'i Ultra,  JiplendiJula,  ItaUca,  a!nl  hernipffrn  (this  according  to  Illiger  is 
n  o  t  ph  i  iH  ph  o  re  see  n  t) ;  Pa  ^t  $  us  sphferoce  ru^y  Sea  ra  hem  pkosph  ore  h9  ( '?)  (Luce, 
./.  Plti/.i.  44,  300);  Buprfsd^  occelhta. 

2.  Orthoptera:  A  chela  Gryllolalpa^ 

3.  Hfmiphra.  Fidgora  laUrnaria  (the  luminosity  of  which  ia  doubted 
by  Marti  as  and  Spix)  and  candelaria. 

4   Dlptem:  Cakx  pipiem  (Hahlitzl,  N^eue  norducht  Beitrage,  4,  396). 

5.  Myriapoda :  Scolopemira  ehctricd,  pkosphof^a  and  morHtans; 
Julus, 

6.  Aracknidce:  Fhalanginm, 

7.  Cntitficea :  Many  Squillw;  Cancer  fulgensj  macrourvi  and  others; 
Gammartis  Pulex  (sometimes  only),  cairdiMin$j  lojifjkorfiigj  fruncatusj  ci>- 
cmnafus,  k^ttrocUtm  and  crammann^;  On  hem  fit  f gens;  Ct/clops  exilwnfi; 
Amymone  and  NauplutJi  (the  young  of  Cj/cl  op  ft);  Moriocuhts. 

B,  Annulata:  Nereh  noctUuca^  pho^phorajiSy  drrlgera^  mncronata, 
radiata,  and  others;  Spirographs  Spalhinzanii,  Lnmhrimjs  ten'^trisy  ghn- 
plicissimnjt  and  ffirlicandft ;    Phtnarta  reUtaa;  li ranch itt rug  quadnp^g, 

f>.  Mollmca;  Phohm  Dactyl ng;  all  kintls  of  Salpa  (or  Biphora)^  as 
pinnaia,  ajinig,  zonaria,  vaginata,  bicornis,  conmtay  venosa;  and  of  Ft^ro- 
9oma,  viz.,  Pyrosoma  Atlanticttm  or  Telepharm  Atutralig. 

Zoophyteg.     L  Badiafa:    Aster  tag  noctUnca;  Ophiura  pkogphtyrea. 

2,  Acalepha:  Very  many  species  of  Meduga,  as  pelagica,  peliucens 
(these  two  species  perhaps  identical),  gchHiflam^  gimphx^  htdda,  hemig- 
pkcerica^ovata,  titberculata,  panopifra^  nodiluca,  auttfa,  the  several  species 
of  Aurclia:  many  species  of  Btroe,  as  fulgens,  Fileifs,  ghhoga,  Brmili- 
etuuy  micajiSt  fifiva;  FhpmNa  Arethuga  and  glauca;  several  species  of 
Pkygmphora^  together  with  Rhizfyphpsa  and  Stepkanomia, 

3,  Polypi:  Sertularin  nerifitm  anil  mhibdig  (Qr.  J.  of  Sc.  I^,  8,  4, 
383);  Pennatnhi  phosjiAorfa,  grism,  and  all  others;  VetrtUhmCynomm-iftm, 
aecnriUng  to  Leuckart;  his;  Gorgonta;  Alcyonium  tiroSj  according  to 
Leu ck art;  Spotigia. 

4,  Infnmria;  Lnt^ophoa  echinoldes;  Trithoda  irmngnlarisy  gi^crnuloia, 
Chva  and  eckinoideg;  Gldnt  Fstudo/tippm,  cri^m,  rrystaUinal  defhrmii, 
Conu$  and  ^nralu;   Votimlla;  CcfXftria:    Vibrio;   Fo^tfoar. 
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The  eggs  of  Lacerta  agilu  and  of  some  serpoiitg  emit  a  beaiUiful 
green  ligbt;  the  freeher  they  are,  the  more  brightly  they  shine.  When 
buried  in  moJemtely  damp  earth,  they  go  on  shining  for  weeks;  GXpoeed 
to  the  air,  they  become  dry  and  soon  lose  their  pho.spborescenee.  {Laiig- 
rebe.)  Non-himiuotis  eggs  become  Inminous  by  agitation.  (Griindler, 
Naturfoncher^  3,  28.) 

In  the  Kfater^  there  are  two  elongated  and  roundish  luminous  spots  on 
eneh  side  of  the  dorsal  covering.  These  are  glands  containing  a  yellow 
sabstance;  and  to  these  the  animal,  by  means  of  branches  proceeding  from 
the  cellt*  <>r  the  lungs,  can  allow  a  large  or  small  quantity  of  air,  or  none 
at  all  to  have  access,  whereby  the  derelopment  of  light  in  made  stronger 
or  weaker,  i/r  ceases  altogether.  The  animal  chines  for  six  or  eight  days, 
eren  on  the  needle.  (Spex.  Comp.  Illiger,  Mat/,  d,  Ges.  vaturf.  Frenndt. 
m  Berlin.     1807,  141.) 

The  female  of  Lampi/ris  noctiluca  or  $plendidula  (the  glow-worm), 
whose  abdomen  is  divided  into  six  segments,  shines  on  the  under  part  of 
the  lai?t  three  abdominal  rings,  which  are  distinguiehed  by  a  yellowish  or 
greenish  white  colour  fron»  the  hrown -co  loured  parts  of  the  restof  the  body. 
Within  these  three  terminal  ringF*  is  found  the  laminouF  matter,  a  yellowish 
white  tran.^parent  snbstanee,  consititing  of  ramifying  fibres  and  granules 
of  an  organic  strneture,  heavier  than  water,  yellow  and  opaque  when 
dry,  and  consisting  prini'ipally  of  a  material  which  exhibits  the  chemical 
properties  of  soluble  albnnien*  (According  to  Heinrich,  an  adheaiv© 
luminous  substance,  which  imparts  its  phosph orescent  properties  to  water 
or  oil,  may  be  squeezed  out  of  the  animal;  according  to  Macartney,  this 
substance  when  separated  from  the  auimal  is  no  longer  luminous,  whereas 
the  bag  containing  the  luminous  matter  shines,  when  separated  from  the 
animal»  for  several  hours  in  the  air,  and  for  48  hours  in  water.)  The 
phosphorescence  of  the  animal  begius  about  7  or  8  o'clock  in  the  evening 
and  continues  till  sunrise.  (According  to  Macartney^  a  thennometer 
rises  when  placed  in  contact  with  the  iuBects  while  emitting  light,  but  not 
when  in  contact  w*ith  the  separated  lununous  matter  of  the  taih)  The 
phoflphorescencc  of  tlio  insect  is  totally  unaffected  by  w^ant  of  food,  or  by 
storms,  thunder,  or  caudle  light.  It  is  strengthened  by  repeated  gentle 
disturbance,  and  is  most  vivid  during  the  motion  of  the  animal.  It  is 
interrupted  for  a  time  by  sleep,  noise,  mere  violent  disturbance,  or  by 
cooling  to  -f  12  C**  (53'5*^  Fidi.)* — and  then  the  pho.sphoresccnce  ceases 
from  the  fore  to  the  back  part,  twci  points  on  the  tennmal  ring  often  how- 
ever continuing  to  glow.  The  luminous  matter,  when  kept  under  wafer, 
continues  to  shine  for  two  or  three  days.  If  a  living  worm  be  placed  in 
water,  at  14"*  C,  and  the  liquid  warmed,  the  animal  begins  to  shine  at 
27^  emits  the  strongest  light  at  41;  continues  shining,  though  dead»  at  a 
higher  temperature,  and  its  light  h  extinguished  for  ever  at  57°  or  62^ 
If  the  temperature  of  the  water  be  maiuta,ined  at  35'',  the  animal  conti- 
nues to  shine  for  a  long  time  after  death,  but  gradually  ceases  when  tlie 
water  is  coofed  lo  25'.  When  the  insect  is  warmed  without  water,  the 
mme  effect  is  observed,  excepting  that  the  phosphorescence  ceases  eoonePi 
on  account  of  the  drying  up  of  the  luminous  matter.  Dead  glow- worms,  not 
yet  dry,  begin  to  shine  again  in  water  at  44^,  and  often  remain  himinoua 
for  two  or  three  days  after  tho  cooling  of  the  water.  Glow-worms  killed 
by  cooling  them  to  0'  begin  to  shine  again  at  31 ',  If  the  head  or  the 
luminous  ring  of  a  worm  wdiich  shines  of  itself  be  out  off,  the  light 
ceases  in  about  five  minutes,  but  re-appears  in  a  few  minutes  longer  in  a 
lower  degree,  continuing  for  two  or  three  days,  and  may  be  strengthened  at 
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pleasure  by  waniiiuc:,  ^The  pfiosphorescence  of  the  extracted  luminous 
matter  mnj  likewise  be  streiigtbened  hy  motlerate  heating,  and  destroyed 
by  a  beat  uf  53%— in  wliieli  re.^'iiect  it  resembles  coagulated  albumen,  A 
current  <>f  electricity  fvtnu  the  electrical  niacbiiie,  or  repeated  electrical 
diacbar^^es  passed  tlircnigli  tlio  animal,  excite  no  pboRpliorescence,  If,  on 
the  contrary,  tlio  insect  immerseil  in  a  little  water  Iks  brought  by  means 
of  two  wires  witliiii  the  circuit  of  the  voltiic  pile,  it  instantly  becomes 
luminous  and  continues  so  as  long  as  the  circuit  is  complete,  but  ceases  to 
Bhine  every  time  the  circuit  h  broken,  although  the  water  surrounding 
the  anim^il  shows  an  elevation  of  temperature  of  only  ^^.  Similar 
effects  are  jiroduced  upon  decapitated  glow-worm^,  on  the  three  terminal 
rings,  and  the  separated  luminous  matter,  when  tliey  are  no  long^er  self- 
luminous,— ^Neither  the  animal  nor  the  luminou.s  matter  is  phosphorescent 
in  vacuo,  even  at  the  most  favourahle  temperature  or  under  tlie  influence 
of  the  voltaic  pile;  on  admitting  the  air^  the  luminosity  is  restored.  The 
phosphorescence  of  the  luminous^  matter  likewise  ceases  under  oil^  probahly 
oecause  the  access  *i{  air  is  impeded.  In  oxygen  gas  and  nitrous  oxide, 
the  glow-worm  appears  to  shinu  somewhat  more  hrightly  than  in  common 
air.  (The  incrca^^ed  luminosity  in  oxygen  gas  was  observed  by  Spallanzani 
(Gilh.  If  33)  and  by  Forster.  According  to  Grotthuss,  the  animals  must 
be  cooled  some  degrees  lower  in  oxygen  gas  than  in  common  air  before 
they  lose  their  phosphorescence.)  In  chlorine  gas  the  animal  dies  in- 
stantly t  and  if  subsequently  wanned,  emits  a  rose-eolonredlight  for  ashort 
time.  In  hydrogen,  carbonic  acid,  c a rhu retted  hydrogen,  or  sulphurous 
acid  gas,  the  glow-worm  soon  dies  and  emits  no  light  wlien  warmed. 
According  to  Simllanzani,  also,  tho  lisjht  is  extinguished  ^^^radually  in 
nitrogen  and  hydrogen  gas  and  instnntly  in  carbonic  sicid.  The  luminous 
matter  also  loses  its  phos-phorescence  in  these  gases,  and  shines  again  on 
the  a<bni8sion  of  air  or  oxygen  gas^  excepting  when  the  luminosity  bus 
been  destroyed  by  chlorine,  sulphurous  acid,  or  vapour  of  hypo-nitric 
acid, — Alcohol  and  very  dilute  mineral  acids,  which  do  not  kill  the  ani- 
mal instantly,  cause  the  final  extinction  of  its  light  when  under  water, 
and  likewise  of  that  of  the  extracted  luminous  matter;  concentrated  acids 
extinguish  it  instantly.  By  these  means,  as  well  jls  by  heating,  or  hy  the 
action  of  copper-salts,  corrosive  sublimate  ^>r  ether,  the  luminous  matter 
passea  into  the  state  of  coagulated  alhumen,  and  then  its  luminosity  is 
destroyed.  In  aqueous  solution  of  potash  the  luminous  matter  dissolves 
and  loses  its  illuniimiting  power.     (Macaire.) 

Tlio  Lampj/ris  shines  hoth  as  a  i>erfect  insect  and  also  in  the  larva 
state,  but  most  powerfully  in  the  nymidi  state.  {De  Oeer.)  The  K'gffii 
begiu  to  shine  faintly  in  four  or  six  weeks,  when  the  larv^T  are  developed 
and  on  the  point  of  emerging.  The  females  shine  with  peciiliiir  bri^dit- 
ness  in  the  hreeiUng-season  and  during  procreation,  cea^e  to  shine  im- 
mediately afterwards,  hut  sliiiio  hrightly  again  on  the  following  even- 
ing; their  ligtit  is  brightest  when  they  are  pregnant,  at  which  lime  they 
omit  light  from  their  whole  bodies  with  the  exceptinn  of  the  head.  The 
males  do  not  shine  during  procreation.     (Langrcbe.) 

The  Lajupi/ri^  Ilalica  shines  under  water  for  sevend  hours,  under  oil 
for  only  20  minutes;  it  soon  loses  it^  phos|>horescence  when  immersed  in 
hydrogen,  carbonic  acid,  or  nitric  oxide  gas,  but  shines  again  when  brought 
out  into  the  air,  provided  luminosity  has  not  been  t<>o  long  interrupted; 
but  in  this  cjise  the  insect  shines,  even  when  dead,  in  hypouitric  acid 
vapour,  emitting  a  green  light  which  slowly  disappears.     (Carmdori.) 

The  female  of  Lawpr/ns  Italica  exhibits  the  samesteadv  \hA\i  as  that 
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of  the  L,  nodilnca.  But  the  rattle,  whose  two  hinder  abdominal  riuga  are 
perfectly  luminous,  exhibits  a  flaBhing  light,  hecoming  brigliter  from  45 
to  55  times  iu  a  minute,  iu  aecordance  with  the  number  of  pnlsations  in 
the  pame  interval.  The  luniinuus  suhetuneo  is  situated  immediately  on 
the  lower  segraenta  of  the  two  hinder  abdominal  rings,  exactly  in  the 
position  where  the  pulsation  of  the  dorsal  ve^ssel  is  the  stronges^t.  The 
blood  may  in  this  situation  strengtheu  the  phosphorescence,  in  conseciuence 
of  the  lubrication,  vital  influence,  and  excess  of  oxygen  which  It  cauees. 
The  luminous  matter  separated  from  the  animal  is  white  and  viscid, — 
appears  uuder  the  microscope  to  consist  eDtircly  of  small  globules^ 
bitweea  whicli  are  distributed  numerous  tracheal  ram  ill  cations, — whines 
wben  spread  upon  gluss,  with  a  greenish  light,  which  diminishes  and  ulti- 
mately ceases  when  tlie  matter  becomes  dry,  but  may  often  bo  restored 
by  moisture.     (Cams.) 

In  PnusuSj  the  autennip  aloue  emit  a  feeble  light.      (Afzelius;) 

In  Fnhfordf  t!ie  light  proceeds  from  the  hollow  projection  aituated  on 
the  hinder  part  of  the  head,  and  connected  with  the  air-vessels. 

Scolopmidra  shine  over  tlie  whole  body. 

The  N'ercU  ebines  most  conspicuously  wben  the  sea  is  agitated  by  the 
passage  of  ships  and  other  causes  {Spallanzani) ;  its  luminous  matter  may 
be  diflused  through  water  (Treviranus).  According  to  Viviani,  the  cirri' 
gera  is  the  most  luminous  of  all  animals  inhabiting  the  Mediterraneun. 

Lumbricus  terredri^  sometimes  shines  in  OctoWr  on  the  indurated 
ring.  {Brugiere,  Flaugerguea,  J,  Fhr/s,  10,311;  Anduuin,  Inditut,  KHIQ, 
381.) 

Planaria  return  shines  uniformly  over  the  whole  body.  (Viviani), 

The  Phola&  Dad^lus,  boring  muscle,  also  contains  a  phr»sph orescent 
liquid  which  adheres  to  everything  which  it  touches  and  makes  it 
luminous,  and  may  be  expressed  and  mixed  witli  water,  oil,  or  milk,  ?o  as 
to  form  a  luminous  fluiiL  The  boring  muscle  not  only  shines  externally^ 
but  likewise  internally  when  cut  open;  it  continues  to  shine  for  a  day  or 
two  after  deaths  till  it  putrefies.  Its  light  shows  iUelf  hetvveen  0^  and 
56"*;  gentle  heating  strengthens  it  but  shortens  its  duration;  stronger 
beating  destroys  it.  The  phosphorescence  of  muscles  becomes  brighter 
in  dilute  solutions  of  common  saltj  nitre,  ptttash,  and  sugar;  it  is  destroyed 
by  sulphuric  acid,  vinegar,  alcohol,  and  urine,  and  by  concentrated  solu- 
tions of  potash,  salammoniac,  salts  uf  lead,  and  vitriol.  Dried  plioladea 
recover  their  Inmiuosity  on  Ijeing  moistened  with  water,  even  after  the 
lapee  of  several  months.  (Beccaria,  Comvieid.  lionoji,  2,  1,  248.) 

*SVr//7re  {according  to  Edw.  Forbes,  AmK  and  Ma*/,  of  Nat,  Hut^  1841, 
7,  350)  do  not  shine  of  themselves,  but  only  in  conseciuencQ  of  luminous 
crustjMJca  which  frequently  adhere  to  them* 

Pyromma  Atlantkum  diffuses  a  very  vivid  light,  and  is  often  so 
abundant  in  the  sea  that  fisb  can  be  distinguished  hy  its  light  at  the 
depth  of  15  feet.  The  temperature  of  water  in  which  this  animal  is  ira* 
mersed  rises  about  F  C,  as  is  likewise  the  case  with  Sal  pa?.  (Kuhl,  Hdtw, 
M,  304.) 

The  light  of  Asterias  noctihica  spreads  itself  out  from  the  centre  into 
the  rays :  the  separated  rays  and  tbeir  fragments  also  continue  luminous 
for  a  time.  (Viviani.) 

The  lunnncms  parts  of  the  Mcdusro  observed  hy  Spallanjsani  arc:  the 
large  ten  taenia,  the  edgo  of  the  umlndla,  and  the  sac  which  is  connected 
with  the  opening  of  the  umhella.  These  jiarts  contain  the  luminous  prin- 
ciple in  the  form  of  a  thickish  glutinous  lirjuid,  very  different  from  iho 
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mline  watery  fliii<l  into  whicb  tha  mednsa  almoei  entirely  melta  w!icii 
remored  from  the  water  Tbi«  viiwid  liquid  produces  jtchiDg  wben  applied 
to  the  Bkiu,  as  doe«  also  the  juice  of  eereral  noD-lttminous  medne®.  The 
ItiininofiJ!  matter  maybe  icraped  off — renders  bodies  smeared  with  it  phoe- 
phoreaoent — and  when  mixed  with  water,  nrinc,  and  particularly  with 
milk^  formn  mixtures  which  remain  1  ominous  for  several  hours — are  in- 
crea4ed  in  briirbtnesf  by  agitation  or  by  warming  to  37"*  C, — may  be  afi:ain 
rendered  luminuna  after  their  phosphorescence  ha*  ceaaed — but  when 
strongly  healed,  are  deprived  of  their  luminosity  for  ever.  (Luminous 
fluids  of  this  kind  may  abo  be  obtained  by  mashing  up  the  entire  animal 
in  water;  if  sea- water  is  ufied  for  the  purpose,  the  mixture  shines  but 
feebly.) — The  medusa  shines  in  water  like  a  torch,  so  brightly  that  it  can 
bt  i»een  at  the  distance  of  100  paces.  Its  light  In  most  brilliant  when  the 
altenjate  contraction  and  enlargement  of  the  disc  succeed  each  other  with 
the  greatest  rapidity;  the  light  is  also  strengthened  bj motion  from  with- 
out. With  the  diminution  of  this  oscillatiun  the  light  becomes  fainter, 
and  when  it  cciUies,  there  remain s  only  a  very  faint  luminosity*  which  may 
also  be  observed  nfter  death,  and  dues  not  disappear  till  putrefaction  ^ts 
in  ;  it  is  Itkew^ise  increased  for  a  time  by  rubbing.  A  medusa  which  has 
dM  out  of  water,  and  is  no  lon^r  luminous  but  beginning  to  deliouesce, 
fe©overf  its  luminosity  in  fresh,  but  not  in  sea  water:  the  water  also  be- 
comes luminous,  (Spallanzani.) 

The  luminosity  of  Medma  lucid^  in  water  is  increajsedjby  warming,  till 
the  water  becomes  so  hot  as  to  kill  the  animal.  In  alcohol  it  shines  still 
more  brightly,  but  soon  dies  and  ceases  to  be  luminous.  Placed  in  water 
under  an  exhausted  receiver,  it  shines  as  strongly  as  under  the  ordinary 
ptosBUre  of  the  air.  The  electric  spark  seems  to  have  no  action  upon  it; 
dectnc  shork.'^  cause  the  light  to  tlisappear  for  an  instant,  but  it  immedi- 
ately reappears  with  iiicrea-sed  bri;^htne.s.«.  ( Macartney. ) 

In  Aureiia^  the  tight  proceeds  frum  the  base  of  the  tentacula;  in  Bero^ 
from  the  vesselsi  under  the  Ittced  filaments.  (Edw.  Forbes,) 

If  a  Ph)js*iUa  be  inmierscd  in  alcohol  it  instantly  ceases  to  shine,  be- 
cause it  dies. — 'Zofyphiftes  do  not  shine  when  at  rest,  but  only  after  exer- 
tion, and  consequently  increased  respiriition,  inasmuch  as  locomotion  and 
respiration  are  with  these  animals  one  nnd  the  same  movement.  Their 
light  becomes  fainter  as  their  vital  force  diniinishes,  and  ceases  with  their 
death.  This  takes  place  after  often  repeated  exertion  and  luminosity 
thence  resulting.  (Tilesius.) 

In  the  Fennaftda  phosphor etif  the  light  proceeds,  not  from  the  stem,  but 
only  from  the  feather, — and  isexciteil  only  by  motion,  either  spontaneous 
or  induced  from  without.  After  death,  luminosity  is  produced  by  touch- 
ing the  animal^  a  luminous  slime  being  at  the  same  time  expressed  from 
the  feather.  (Spallanzanl.) 

In  Alq/onum  exm^  likewise,  the  phosphorescence  exists  not  in  theatem, 
but  in  the  individual  polypi.  (Leuckardt.) 

The  phosphorescence  of  the  sea  at  night^ — ^which  sometimes  diffuses  a 
universal  hut  dull  glimmer  of  light,  sometimes  presents  a  fiery  surface,  at 
other  times  Hhines  only  in  places  where  it  is  set  in  motion  by  ships  or 
oars,  at  others  again  exhibits  single  sparks,  stars,  balls,  chains^  or  bands 
of  fire — is  mainly  attributable  to  small  luminous  animals  which  inhabit 
the  sen.  The  separate  liiniinouf*  spols  are  produced  by  the  larger  Meduspp, 
Salpre.  and  Pyrosomm,  which  emit  the  most  vivid  light.  (Tilesiup,)  The 
genera!  luminosity  of  the  Hi?a  is  produced  by  vnrious  animals,  Imt  more 
especially  by  small  Crustacea  whose  light  is  of  a  sparkling  characterj  by 


PHOSPHOTIESCENCB  OF  LITOIG  PLANTS. 


187 


Nereidffj  and  grmi  niirat>ers  of  mnoM  Meflusn?.  When  aea-water  of  this 
nature  is  filtered^  tlio  hirainoiis  matter  reniami?  on  the  filter,  (Sparniann, 
T ilea i us.)  Water  taken  out  of  tlie  brightly-pliinuig  sea  near  Martinique 
gave  no  liglit  when  at  rest:  on  Ijlowinfj  u[mjii  it,  sinali  bodies  crossed  the 
liquid  in  all  directions^  ehining  the  brighter  the  more  etronglj  the  surface 
was  blown  upon.  When  stirredj  the  water  hocanie  luminous  throughout i 
on  being  warmed  to  35^  C,  it  ali^o  became  briglitly  phosphorescent;  but 
when  further  heated  to  43^  its  luminosity  was  completely  destroyed. 
Hydrochloric,  sulphuric,  and  nitric  arid,  ammonia,  carhoaato  of  potash, 
and  alcohol  likewise  produced  a  sudden  and  generally  evanescent  light. 
The  water  after  passing  through  a  filter  could  no  louger  be  rcn<lered 
luminous:  there  remained  on  the  filter  a  number  of  small  animals  diB- 
cernible  b}-^  the  microscope,  au<l  cousisting  of  a  globule  having  li  yellow 
spot  and  a  tail,  whrch  they  moved  with  great  rapidity.  (Artaud.) — iM ore- 
over,  the  phoaphoresrcuce  of  the  sea  la  probiibly  often  produced  by  the 
luminous  putrefaettou  of  marine  animals,  by  insolation  (ns  appears  to  be 
the  ease  from  an  experiment  of  Hell  wig),  and  by  electrtcity,  as  supposed 
hy  Riviere,  Le  Gen  til,  and  Bajon. 

Instances  have  been  known  of  men  whose  perspiration  is  adhesive 
and  phosphorescent,  so  that  the  phosphorescence  is  communicated  to  their 
linen;  the  smell  of  this  perspiratioa,  in  the  case  of  an  individual  of  gouty 
diathesi^^  in  whom  the  perspiration  broke  out  after  violent  dancing,  waa 
urinous  and  sour  (Heukeb  Crrii.  jV.  Chem,  Archiv.  2,  291);  in  another  it 
had  a  paculiur  phosphoric  odour.  (Hermstadt^  Magat.  naturf.  F.  2,  248.) 
Horses  in  the  sweating  condition  sometimes  emit  light,  Percy  saw  the 
wounds  on  a  ai»ldiers  thigh  continue  phosphorescent  for  fourteen  days; 
over  the  wounds  of  another,  he  saw  a  light  like  an  ignis  fatuus  hover  for 
dix  days.  More  frequently  human  urine  just  voided  exhibits  phospho* 
reeoence.  (Juriue,  Driesseu,  GiB.  49,  291 ;  59,  262.)— Esser  {Kfutn, 
Archiv,  8,  414)  saw  the  urine  which  he  voided  against  the  walK  when 
tired  after  a  walk,  exhibit  phosphorescence;  tho  wall  shone  for  half  a 

L minute  as  if  it  had  b€H3u  smeared  with  phosphorus:  the  urine  discharged 
two  hours  later  was  not  phosphorescent  The  urine  of  Viverra  Putorim 
and  Mtphkis  is  likewise  said  to  be  luminous  at  the  moment  at  which 
these  animals  void  it.  (F.  D*A«ora,  Langsdorfl',)  The  luminosity  of  the 
eyes  of  animals  is  due  merely  to  reflected  light.  (Esser,  Keutn.  Archiv, 
8,  399.) 


I 


11*  Fhoiphoreicence  of  Living  rianU, 
1 .  Sadden  emismn  of  Light 


A  sudden  Hashing  light  is  often  emitted,  on  fine  aummer  evenings,  a 
little  after  sunset,  hy  certain  yellow  flowers. 

Such  is  the  case  with  Tropaeolum  majitt^  Ta/^et^s  ptxtula  and  erecta^ 
Calrnduia  oJicinalU,  Jleiianthus  annutis^  LUium  btdbtferum  and  Ch/jke- 
d/inicuwi,  Pol^attth^i  ft/ienwa,  Oenothera  hienm$  and  Gorteria  riitgeni: 
likewise  Papaver  orimtale.  (Elis.  Linne,  AhhandL  d,  Schwed.  Akad,  24> 
291^ — Haggren,  A^.  AhhandL  d,  Schwed.  Akad,  9,  59. — Johnson,  Schw. 
31,  301.— Pnrsch,  Fiar,  Amer,  Septentr.  \,  261.— Green,  J.  Pharm.  18, 
25^,)  Of  these,  Cahndida  emits  the  strongest  light;  then  follows  Tra- 
paeolum,  then  Ltlium  hidbiferum  and  Tagetes  puUtla,  then  Hdianthus 
and  Garieria.  The  same  flower  often  gives  out  repeated  flashes  at  inter- 
taLs  of  MYeral  minuted.     This  light  is  undoubtedly  electricab  perliaps 
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produced  by  the  bursting  of  the  pollen  granules  at  the  moment  of  fructi- 
fication. (Zaradsky.)  Jngenhouss,  Senebjcr,  and  Saussure  never  observed 
this  luminous  appearance  in  Trapaeolum  maju^;  neither  could  L.  Trevi- 
ranus  discover  it  in  Tagate^  and  other  flowers ;  hence  he  regards  the  phe- 
nomenon as  a  mere  illusion  produced  by  the  yellow  colour  of  the  flowers, 
which  at  night  gives  them  an  *ippearance  of  peculiar  brightness. 

Of  a  diflerent  nature  from  thl*?  i^  the  flume  observed  by  Ingenbouss,  i 
Bertholon,  and  Willdenow  around  the  flowers  of  Dldumnns  albuM  on  the" 
approach  of  a  lighted  candle— an  a|ipearance  however  which  Schrank, 
Th.    Saue^^ure,   Sprengelj  and   Treviraiiiis  were  never  able  to  discover. 
Biot  {Ann,  Ckim.  Phyx,  50,  386)  attributes  this  flame  to  the  c<>mbustion 
of  a  volatile  oil  contained  in  the  celk  of  the  flower-stalks. 


2.  SUad^  Phosphorescence. 

Borne  plants  emit  in  the  dark  a  faint  continuous  lights  probably  re- 
eulting  from  the  formation  of  some  substance  which  bums  and  emits 
light  at  ordinary  temperatures,  and  consists,  not  of  phosphorus^  but  more 
probably  of  a  compound  containing  carbon  and  hydrogen. 

The  leaves  of  Phyiolncta  dtcandra  have  been  observed  to  shine  in 
September  from  9  till  12  o'clock  at  night,  sometimes  with  bluish  green, 
sometimes  with  yellowish  green  light,  accordingly  as  the  current  of  air 
was  stronger  or  weaker:  they  aliso  remained  luminous  after  being  wiped. 
(K,  V.  Szats  A.  Tr.  8,  2,  54.) 

The  acridj  milky  juice  of  Cip6  de  Cananam  (a  plant  growing  in  Brazil 
and  probably  belonging  to  the  genus  Euphorbia)  emits  light  for  several 
seconds  when  it  flows  from  a  wound  in  the  plant.  (Mornay,  Gdb,  56^ 
367.) 

lihitoniorpha  Kuhttrranta  stdlaUt^n^aidalea^  which  grow  in  raines^  emit 
liglit  from  their  wliole  surfaces,  but  e^7)ecially  from  the  whitish  growing 
points.  The  luminosity  is  brighter  in  young  plants  than  in  old  ones; 
brighter  ako  when  they  grow  in  warm,  damp  parts  of  the  mine  than  in 
dryj  cold  Fituations:  it  is  also  increased  when  the  plants  are  heated  to 
40"^  C  Rhizomoqdis  shine  more  brightly  in  oxygen  gas  than  in  common i 
air.  When  they  are  immersed  in  tliia  gas,  together  with  a  little  water, 
they  often  coirtinue  luminous  for  nine  daj^s;  and  the  oxygen  gas  is  then 
found  to  be  nearly  consumed  and  converted  into  a  ^juiewhat  smaller 
volume  of  carbonic  acid.  When  these  plant.s  in  the  moi&t  state  have 
ceased  to  shine  in  the  air,  their  luminosity  cannot  be  restored  by  electric 
sparks  or  by  oxygen  gas:  but  it  may  often  be  restored  by  moistening 
the  plant,  wlicu  its  cessation  has  been  caused  by  dryness.  The  pho«- 
phorewence  ceases  in  vacuo,  but  reappears  when  the  air  is  admitted,] 
even  if  the  plant  has  remained  in  the  vacuum  for  two  hours.  The  plant 
likewise  ceases  to  shine  when  placetl  in  nitrogen  gas^  but  regains  its 
lumini>sity  on  being  brought  out  into  the  air.  In  hydrogen,  carbonic 
oxide,  or  chlorine  ga«,  on  the  contrary,  it  loses  its  luminosity  for  ever,  so 
that  no  light  is  omitted  even  when  tlio  plant  is  afterwards  immersed  in 
oxygen  gas,  (Bischof:  Comp.  ibV/m',  44,  0;'*;  also  Laroche^  Verh,  d,  Ge$. 
naturf,  Fr.     Berlin,  1824,  1,  2^.) 

Mkiioviorphfi  pinfUfta  has  been  seen  liy  Frieslebcn  to  emit  light. 

According  to  Li  mucus,  light  is  emitted  by  Byuus  phosphorea  (L)  or 
Dtmntiwn  violaamm.    Pers. 

According    to    Funk    and    Brandenburg,   SchktoMega  osfmundacm^  ad 
plant  which  grows  in  caverns^  U  phosphorescent.     This  is  supposed  byi 
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Von  Esciilieck  to  be  the  same  moas  wliieli  Gilbert  (Gilb.  30,  242)  saw 
shining  witli  an  <?nie raid-green  colonretl  lij^ht  in  &  cavern  in  the  Hartz. 

Ac<*ording  to  Ducluzeau,  many  confervoo  growing  near  Montpelier 
are  phogphoreecent. 

(6.)  Phospliorescenee  of  Putrefying  Organic  Bodies. 

Many  organic  bodtea  emit  light  after  death,  sometimes  before  the 
commencement  of  actual  pulrefaction^  sometimes  simtiltaneoualy  with  it. 

1.  Phoaphorescence  of  Putrefying  Animals, 

At  a  certain  temperature,  and  in  contact  with  mc^stnre  and  oxygen 
ga«j  a  tlecouipoijitioti  appears  to  arise  in  many  dead  animals,  especially  in 
sea-fiah,  before  the  commencement  of  actual  put  re  fact  ion,  ^producing  a 
glutinous  substance,  whose  eonstitueiits  are  capable  of  burning  in  the 
t-mallest  quantity  i>f  oxygen^  with  a  feeble  light  and  (Scarcely  perceptible 
development  of  heat :— or  may  it  not  be  puppo«ed  that  the  decomposition 
is  attended  by  the  production  of  luminous  infuytorial 

Human  corpses  are  very  rarely  phosphorescent.  Of  a  body  received 
on  the  14th  of  February  and  disrtected,  one  of  the  lower  extremities^  which 
rcnuiined  over,  began  to  exhibit  phosphorescence  on  the  3rd  of  March.  A 
second  body  brought  into  ttio  t'anje  dissecting-room  on  the  5th  of  ]\Iarcli 
likewise  appeared  luminous  after  a  few  days,  fir^st  on  the  external  and 
internal  enrfaee  of  the  thorax^  then  on  the  abdomen,  boneSj  tendons,  and 
membranes,  more  ftiiiUly  on  the  nuii^cles,  not  at  all  on  the  viscera  of  tho 
thorax.  A  portion  of  this  second  body  laid  upon  a  third  rendered  this 
also  phosphorescent  in  two  day 8,  as  if  by  contagion.  The  luminona 
matter,  which  appeared  to  be  of  an  oily  nature,  could  bo  removed  in  many 
places  by  the  finger,  on  which  it  continued  to  shine.  Placed  under  the 
microscope,  it  illuminated  the  whole  tield  of  view,  and  appeared  to  be  in 
motion,  like  gamboge  tonclied  with  water;  but  no  animalcules  were 
vi.-^ible,  excepting  a  minute  Vibrio,  such  as  is  often  observed  in  macerated 
bodies.  The  luminous  substance  continued  to  shine  brightly  in  oxygen, 
carbonic  oxide,  phosphurcttcd  hydrogen,  and  nitrogen  gas — more  faintly  in 
carbonic  acid — also  with  various  degrees  of  brightness  under  water,  milk 
and  oil, — lost  its  phosphorescent  (>ower  in  a  vacuum,  but  recovered  it  when 
the  air  was  re-admitted, — and  was  finally  extinguished  in  sulphuretted 
hydrogen  and  chlorine  gas,  hot  air,  boiling  water  and  alcohoL  (A. 
Cooper  and  Appletou.) 

Phosphoresiccnco  ha^  likewise  been  observed  in  tho  flesh  of  oxen, 
calvcij,  wethers,  lambs,  pig?,  fowls,  eagles,  s^vallows,  and  serpents  (Fabr, 
ah.  Ai|ua[>endente,  Boyle,  Beale):  in  the  case  of  ox-flesh,  the  phospho- 
rescence ceased  when  actual  putrefaction  set  in.  (Bartholinus.)  At 
Orleans  in  1780,  all  the  meat  in  a  btitcher's  shop  became  phosphorescent. 
Veal,  in  October,  three  days  ^dd,  cut  up  and  beaten  soft,  hut  not  yet 
stinking,  omitted  at  a  temperature  between  12"  and  18^  C.  a  white  light 
like  phosphorus — was  covered  with  a  glutinous  substance— imparted  its 
luminous  property  to  the  lingers  for  a  short  time — continued  to  shine  24 
hours  later,  at  which  time  it  began  to  smell  badly-«and  even  retained  its 
luminosity,  though  feebly  and  only  in  particukr  places,  after  48  hours, 
when  thestench  was  much  more  powerfuL  (Buchner.) — Hen  a  eggs  have 
aUo,  on  one  occasion,  been  seen  to  emit  light  when  opened, 

Hulme  produred  phosphorescence  in  some  very  young  tadpoles  by 
preserving  them  iu  a   solution  of  common  ^t  and  sulphate  of  soda. 
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Pbosphoreecence  is  also  exhibited  hj  Sepia  oJUimtdiM,  Zol^,  and  other 
species  (in  Sepia  of.,  according  to  Spallamani^  the  lif^bt  does  not  attain 
its  greatest  intensity  till  putrefaction  is  completely  set  up);— according  to 
Lenckartr  by  dead  Apiif$i<r^  yarious  ^lecies  of  DorU  and  Holotkuria; 
according  to  Tiedemann,  by  dead  sea-stars;  accordiog  to  Redi,  by  a 
Taenia ;  according  to  Redi,  Spallanzani  and  Tilesius  by  tnedosas  24  hours 
after  death;  and  according  to  an  observation  of  Leo  AHatins^  by  the  refuse 
of  dead  crabs. 

Luminosity  is  most  read.ily  exhibited  by  sea-fish,  viz.  Squalus  tSpinax 
and  PrustU;  Teirodofi  Mda;  Muraetia  Helena;  Gadus  Ae^Ufinut; 
Morhua  Merlanyxu  and  viren$;  Cor^kaena  Hippuru^;  Cottus  Scorpius 
and  caiuphraduM ;  PUuronecUM  PUiieua;  Scomber  Scomber  and  Fclamii; 
Perca  marina;  Trivia  tfolUaji*;  Clupea  Harengat;  Salmo  Solar  and 
Trnila.  Freeh  water  fish  may,  with  some  difficulty,  be  made  to  emit 
liixht,  by  rubbing  tlieui  with  salt  and  laying  them  in  a  moderately  wrnrm 
place.  Heinricb,  a/ler  many  fruitless  attempts,  succeeded  by  this  process 
in  making  the  Eiox  lucim  emit  a  very  beautiful  light,  and  the  SUurus 
GlanU  a  faint  light. 

Phosphorescence  shows  it«elf  in  a  day  or  two  after  the  death  of  the 
fish,  provideil  they  are  kept^  neither  boiled  nnr  salted,  in  a  moist  condition, 
at  a  temperature  of  aVj»out  12"  to  18"^  C.  and  in  contact  with  air  or  oxygen 
gas.  On  the  contrary,  no  phoqihorescenoe  is  produced  either  in  carbonio 
acid  or  sulph  ore  tied  hydrogen  gas,  or  again  when  the  fie*h  are  kept  from 
contact  of  air  by  packing — in  which  case  they  may  in  winter  be  brought 
to  the  phosphorescent  state  by  exposure  to  the  air  after  they  have  been 
kept  for  fourteen  days;  e.  g.  Shell-fish.     (Henrich,) 

Phosphorescence  begins  at  the  head  of  the  fish,  particularly  about  the 
eye8,  then  extend??  to  the  belly,  and  lastly  to  the  tail.  (Martin,  ischwfd, 
Abhandl.  23,  224.)  Acc*irding  to  Dessaignes,  the  lumiuosity  is  most  con- 
fipicuouson  the  aponeuroses,  ligaments,  capsules,  and  milts, — -in  shorten  the 
gelatinous  parts,  not  on  those  of  muscular  structure.  The  internal  parts  do 
not  emit  light  till  they  have  been  exposed  to  the  air  for  a  time.  Some- 
times  there  exudes  from  the  animals  a  glutinous  liquid,  which  is  at  first 
clear,  but  afterwards  becomes  thick  and  turbid,  and  then  luminous. 
(Dessaignes.)  This  luminous  slime  may  be  spread  upon  the  fingers  and 
other  foreign  bcMlie^.  Hiilnie  made  a  luminous  solution  of  this  substance 
in  fresh  water,  sea- water,  or  a  dilute  solution  of  comnion  salt,  Glauber'a 
Bait,  or  sulphate  of  magnesia,  by  immersing  the  flesh  of  herrings  or 
whitings  in  these  lic|nids  ;  after  three  da.y8  a  luminous  ring  formed  on  the 
surface;  when  agitated,  the  whole  mass  of  liquid  became  phosphorescent, 
and  often  continued  so  for  several  days. 

According  to  Hulme,  no  rise  of  temperature  is  obser\'able  during  the 
phosphorescence.  According  to  Dessaignes,  the  phenomenon  is  accom- 
panied by  fonnation  of  carbonic  acid  in  the  air. 

A  freezing  temperature  interrupts  the  phosphoresconce ;  a  slight  rise 
of  temperature  increases  it;  a  boiling  heat  destroys  it  forever.  (Hulrae.) 
— Abstraction  of  water  destroys  the  luminosity  of  the  fish;  e,(f.  if  it  lie 
suspended  in  a  vessel  containing  «|ui€k  lime.  (Dessaignes.)  The  action 
of  saturated  solutions  of  various  salt^,  alkalis,  sulphuret  of  potassium^ 
acids,  alcoholj  and  ether  may  perbops  be  similar;  nevertheless,  their  light- 
di?8troying  power  may  al*5o  proceed  from  another  cause — since  dilute  acids, . 
even  carbonic  and  bydrosulpburic  acid,  and  likewise  lime-water,  destroy^ 
the  jihosphorescence.  (Hulme.)  The  luminosity  ia  increa<sed  in  intensify, 
but  shortened  in  duration,  by  dilute  Bolutions  of  cooLmoii  salt,  Gbuher's 
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mltf  pho6pliate  of  BodUf  eulpfiate  of  magnesia,  nitrOj  sugar,  and  hoDej. 
(Halme.)  According  lo  Hulmc,  a  luniinous  fidh  dimiiii^lies  iu  brigLtDesa 
when  placed  in  a  vacuum  ^  according  to  Dessaigtiejsj,  it  ceases  to  ahine  in 
YacuOt  but  regains  its  luminoaity  wlion  the  air  is  re-admitted.  In 
lutroj|::enj  hydrogen,  carbonic  acitC  and  sulphuretted  hydrogen  gas,  tUe 
fish  continues  to  shine  for  a  short  time  only.  (Desaaignes,  Hulme.)  In 
boiled  water  or  sea-water^  it  soon  ceojses  to  ghine  when  the  air  id  kept 
from  it;  but  if  air-bubble3  make  their  appearance,  the  pliosphorescenoa 
re-appears,  and  continues  for  a  time  proportionate  to  the  tjuantlty  of  air 
pfeaent*  In  ordinary  fat  oil,  the  fish  continues  to  bliine  for  24  hours:  hut 
if  the  oil  has  been  boiled,  the  light  ceases  as  soon  a^j  the  fish  is  put  into 
it,     (Dessaigne^.) 

The  fish,  when  left  to  itself,  continues  phosphorescent  for  some  days 
until  fetid  putrefaction  ensues,  and  then  the  light  disappears. 


2.  Fhosphonscence  of  Putrt^fying  FlanU. 

The  complete  decay  of  the  various  parts  of  a  plant  is  also — when  the 
temperature  is  moderatet  and  moisture  and  a  small  quantity  of  air  are 
present — at  times  accompanied  by  a  peculiar  decomposition,  resultiug 
in  the  development  of  a  suh-stance  which,  like  phosphorus,  bums  at 
ordinary  temperatures,  producing  light  and  a  small  quantity  of  heat. 
Nevertheless,  this  substance  cannot  be  phosphorus  (especially  in  wood 
which  does  not  contain  that  element),  but  must  rather  be  considered  as  a 
peculiar,  and  easily  combustible  compound  of  carbon,  hydrogen,  and 
oxygen,  resulting  from  the  decomposition  of  the  original  proximate  con- 
stituents of  the  plant. 

The  phosphorescence  is  chiefly  conspicnous  in  wood,  aa  well  in  that  of 
the  root,  aa  in  that  of  the  stem  and  branches.  The  phosphorescence  haii 
been  observed  in  the  wood  of  Querctu  liotmr;  Fagm  Casfanea  and  #y^ 
vatica;  Betuia  alba  and  Aiiitts:  Cor^lm  Avellana;  Finua  Abies^  StrobuSy 
picea  and  si/lvestrU;  Jiujlans  ref/ia;  and  some  species  of  willow. 

The  decomposition  of  the  wood  must  take  place  in  a  situation  where 
but  a  moderale  *|iiantity  of  moisture  is  present,  and  the  air  is  almost 
oaccluded,  in  which  cii^e,  the  wood  will  remain  white;  when  there  is  much 
moisture  and  free  acceiss  of  air,  it  is  replaced  to  a  brown  pulverulent 
mnhs  which  is  not  luminous.  Pho*?phorcscent  wood  is  often  but  little  de- 
composed, and  retains  a  great  deal  of  its  hardness.  (Heinrich.)  John 
{Sekw.  14,  415)  saw  light  emitted  by  splinters  of  wood  from  a  newly 
felled  pine.  Old  wooden  pipes  often  exhibit  phosphorescence  when  taken 
out  of  the  ground.  When  roots,  which  have  been  dead  for  some  years, 
are  taken  out  of  the  earth  and  kept  in  a  moderately  damp  place,  they 
often  become  phosphorescent  after  a  few  days.  (Heinrich.) — According  to 
Dessaignes,  the  phosphorescence  ceases  when  the  temperature  falls  to 
-f  G^  C  (42*8'  Fah.);  according  to  Heiurich,  it  shows  itself  even  at  0'  C. 
fainter  indeed,  but  more  durable,  continuing  for  mtjre  than  iifteen  days. 
By  boiling  water  it  is  irrecoverably  destroyed.  Wood  heated  in  the  air 
to  the  boding  point  of  water  recovers  its  luminosity  by  immersion  in  cold 
water.  (Heinrich.)  Wood  loses  its  phosphorescent  properties  by  drying; 
wood  which  when  exposed  to  the  air  ceases  to  emit  light  after  two  or 
three  days,  remains  luminous  for  fourteen  days  when  wrapped  up  in  moist 
blottiug- paper  (Heinrich).  In  a  vessel  containing  quick- lime  it  soon 
ceases  to  shine  (Des^^aignes);  but  by  moderately  wetting  it,  the  phoii- 
phorescence  may  to  a  certain  extent  bo  restored* 
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Wood  does  not  shine  for  a  longer  time  or  with  greater  iDteuBity  in 
oxyen  gas  than  in  common  air  (Hetnrich,  Dessaignes);  according  to  Biick- 
man  and  Gartner,  it  does  not  shine  more  brightly  but  longer;  according  to 
SpaUanzani,  it  shines  with  greater  brightness.  According  to  Deseaignee^ 
the  phoephoreseence  is  brighter,  but  of  shorter  duration  io  compressed 
air.  The  same  observer  fuund  that  the  phosphorescence  gradually  died 
away  in  a  Tacuum.  Heinrich  could  not  produce  any  decrease  of  lumtno- 
flity  by  rarefying  the  air.  In  nitrogen,  hydrogen,  and  phospbiiretted  hy- 
drogen gas,  the  wood  remains  luminous  for  only  a  few  hours,  and  then, 
according  to  Spallanzani,  recovers  it.s  luminosity  on  tlie  re-admission  of 
common  air;  tn  fluoride  of  silicon,  chlorine,  ammonia,  hydrochloric  acid, 
carl)onic  acid,  and  ijnlphuretted  hydrogen  gas,  its  phosphorescence  ceases  tn 
a  few  minuteij,  and  cannot  be  wholly  restored  by  contact  of  air.  (Btick- 
mann,  Giirtner,  Heinrich,) — In  unboiled  water,  fat  oil,  and  mercury,  the 
pho>phorciicence  ceases  after  an  interval  varying  from  6  to  24  liours; 
sooner  in  alcohol,  ether,  boiled  oil,  lime-water,  solution  of  snlphurct  of 
potassium,  dilute  acids,  and  saline  solutions;  instantly  in  sulphuric  acid. 
Saturated  solutions  of  sal-ammoniac,  nitre,  and  common  salt,  produce  at 
first  an  increaise  of  luminm^iry.   (Gartner,  Heinrich,  Dessaignes.) 

The  phosphorescence  of  wood  in  air  or  oxygen  gaa  is  attended  with 
consumption  of  oxygen  and  production  of  carbonic  acid  without  perceptible 
diminution  of  volume,  (Dessaignes,)  Air  pumj>ed  out  of  deifying  wood 
contains  a  little  oxygen  with  a  great  deal  of  carbonic  acid  gaa.  (Dm- 
eaignes.)  Hence  may  be  explained  the  fact  that  wood  continues  to  emit 
light,  even  in  media  which  contain  no  oxygen,  provided  they  do  not  exert 
a  destructive  action  on  the  phosphorescent  matter. 

Potatoes  kept  in  a  cellar  till  they  began  to  germinate,  were,  in  one 
inatance,  observed  to  emit  light  rm  Wing  cut  open,  (J,  /*Ay*.  33,  225; 
also  Gien.  J.  d,  Fhi/s,  2,420,) — Kortum  {Voigt,  ji.  Nag.  2.  67)  frequently 
observed  phosphorescence  in  valerian  roots  while  yet  tolerably  fresh. — 
Fresh  tormentilla  roots  gathered  in  August  have  been  seen  to  emit  light, 
particularly  on  those  part**  where  the  la^t  year's  nodosities  were  situated. 
{Berl.  Jakih.  1,  174.) — Likewise  gourds,  mushrooms,  and  turf  are  said  to 
be  flometitnes  phoephorescent, 

Oobel  (Schip,  40,  2.57)  allowed  aome  raspberry  juice  mixed  with  sugar 
to  ferment  in  a  cask,  into  the  bnng-hole  of  which  was  ins^erted  a  glaas 
tube  1  inch  wide  and  3  feet  long,  filled  with  the  s^ime  juice,  so  that  the 
carbonic  acitl  ^^s  developed  by  the  fermentation  was  compelled  to  escape 
through  the  tube.  The  bubbles  of  gas  which  thus  ascended  continued  to 
exhibit  phosphorescence  for  more  than  an  hour.  The  liglit  of  the  bub- 
bles was  strongest  jast  as  they  passed  from  the  cask  into  tlie  tube,  dimi- 
nished in  intensity  as  they  ascended,  and  disappeared  completely  when 
they  came  in  contact  with  the  air.  When  the  gas  was  collected  by 
means  of  a  jras-delivery  tube  fulapted  to  the  tube  above  mentioned,  it  was 
no  longer  pboi^phoreECont,  had  no  smell,  and  exhibited  with  ammonia  the 
reaction  of  pore  carbonic  acid.  {Gobel  and  Schweigger  suggest  tliat  the 
development  of  light  in  this  experiment  may  be  due  to  electricity:  but  it 
is  jKn^^ible  that  the  carbonic  acid  gas  may  have  l:*ccn  mired  with  a  very 
small  quantity  of  a  volatile  and  combustible  organic  matter  produced 
by  tlie  fermentation,  and  that  this  substance  may  have  been  burnt  with 
development  of  light,  by  combining  with  the  oxygen  of  the  air  probably 
held  in  solution  by  the  juice  of  the  tube,  before  the  bubbles  reached  the 
top  of  the  tube,) 
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PHOSPHORESCENCE   BY  IRRADUTIOX. 


S,    development  of  Light  nmtccompanUd  hy  any  alteration  in  the  Pon- 
derabk  Matter  of  Bodies* 

a.     Development  of  Lifjht  after  erpomre  to  Light, 

A  great  number  of  bodiea  have  the  property  of  stining  in  the  dark 
whew  ihey  have  previouslj  been  exposed  to  Ii|i;ht:  such  bodiea  are  said  to 
exhibit  phosphorescence  bj  LnBolation  or  Irradiation.  The  cause  of  this 
plieuonienou  is  probably  that  the  bodies,  by  hGing  exposed  to  light,  absorb 
a  portion  of  it  utialtercd  into  their  t^ubatauce  by  adhcsioiij  aud  subse- 
quently give  it  out  in  a  dark  place, — because  there  the  effort  of  the  light 
to  diffuse  itself  unifonnly  through  the  space  devoid  of  light  overcomes 
its  adheaion  to  the  poniieritblc  unitter. 

Phoaphori  by  Irradiation^  Light  absorba%  Light-magnefg,  are  trans- 
parent or  opaque,  colourless  or  slightly  coloured,  but  never  black 
substances. 

The  best  phosphori  by  Irradiation  are  the  followinjEf:  Diamond  (some 
diamonds  however  have  no  phoaphoreiscence.)    (Ueinrich.) 

lifmnoniatt  Phmphoriu.  (1.)  A  paste  made  of  gum  tragacantb  and 
powdered  heavy  ^par  free  from  irou  and  dried,  is  placed  in  layers  between 
small  coalij  in  a  wind-farnace  (or  ia  a  crucible, —  IKtrcA)  ignited  for  an 
hour,  and  transferred  while  yet  warm  iuto  well  stopped  glass  vessels* 
(John.)  3  or  4  per  cent  of  magnesia  mixed  with  the  powdered  heavy 
<^par  improves  the  pUosphorcscence  cousidembly.  (Wach.)  (2.)  Osann 
pas^e^  hydrogen  gai3  over  sulphate  of  baryta  heated  to  redness  in  a  tube* 
(3.)  Daguerre  fills  a  marrow-bone,  aa  thick  as  can  be  procured,  freed  from 
fat  and  dried,  with  heavy  spar  pounded  in  a  non-metallic  mortar — tutes 
it — indosea  it  in  a  tube  of  irou-pliite  or  cast-iron — surrounds  and  covers  it 
completely  with  fire-clay— exposes  the  whole  to  a  red  heat  in  the  furnace  for 
at  least  three  hours, — then  removes  the  clay  from  the  bone  (which  should 
be  white  after  cooling, — a  grey  colour  would  show  that  it  had  not  been 
heated  long  enough),  breaks  it  up  on  paper^and  preserves  the  white  or 
pale  yellow  phosphorus  thus  obtained.  If  it  be  heated  once  or  twice 
more  in  a  fre«fi  bone,  its  pboqib orescent  properties  will  be  greatly  in- 
creased. The  sulphate  of  baryta  used  must  be  perfectly  free  from  iron 
and  other  heavy  metids. 

Strontimi  Pfwsphorxix  may  be  prepared  in  a  similar  manner  (1)  from 
eoBlestiu  (John):  its  luniinoaity  may  be  greatly  increase*!  by  the  addition 
of  3  or  4  per  cent,  of  magnesia  to  the  powdered  ctelestiut 

Cantons  Posphorta.  (1.)  Canton  exposes  a  mixture  of  3  parts  of 
sifted  and  calcined  oyster-sbelJs  and  1  part  of  flowers  of  sulphur  to  a 
etrong  fire  for  an  hour.  (2,)  Grotthuss  places  oyster-shells — which  have 
been  previously  cleaned  and  ignited  by  themselves  for  half  an  bour^ — in 
alternate  layers  with  pounded  sulphur  in  a  crucible,  the  inner  surfaces  of 
the  shells  being  tumed  downwards,*— aud  liCiHs  the  crucible  in  a  wind- 
furnace  for  at  least  an  hour.  The  oyater- shells  must  be  previously  well 
burnt  so  as  to  remove  all  dark  spots,  and  their  inner  surfaces  must  be 
cleaned  from  adhering  ashes  with  a  soft  brush  which  will  not  injure 
them.  The  phosphorua  ia  more  Imninous  when  the  burnt  oyster-shells 
are  heated  with  sulphur  in  their  entire  state  than  when  they  are  pounded. 
Moderate  ignition  for  half  an  hour  in  contact  with  sulphur  is  generally 
quite  sufficient:  more  powerful  and  longer-sustained  ignition  produces  a 
pbospboruB  which  is  but  faintly  luminous.     Pure  lime  heated  with  sul- 
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plmr  yiclda  a  macli  weaker  pbospboras  than  that  produced  from  oyster- 
ahelU,  beeaoae  tbe  latter  cootain  a  little  ma^piem,  (Waeh.)  (0.)  Deft- 
Bailee  i^iies  gypsum  mixed  with  flour^ 

Osann'e  Phosphor i. — a,  Antimonial  PkoMphoru* :  Fonned  by  placing 
cleaned  and  ignited  oyBter-sbells  id  alternate  layers  with  6ncly  poandea 
0olphiiret  of  antimoDy  in  a  well  covered  crucible,  and  heating  the  mixture 
^r  an  boor  :  after  cooling',  the  white  pieces  are  to  be  picked  ont^  tbe 
yellow  and  black  ones  tlirown  away. — k  Realgar  Phmphorus:  Tbe  same 
mode  of  preparation,  but  using  realgar  instead  of  sulphuret  of  antimony.^ 
e*  Aratnical  Phntphorui:  A  paste  formed  of  neutral  arseniate  of  bujta 
and  gum  tragacaotb  is  dried  and  ignited  for  half  an  hour  between  eoais 
or  on  an  earthenware  support;  it  baa  a  greyish  yellow  colour. — d.  Burnt 
oyster^sbells  treated  as  in  a  with  orpiment  instead  of  eulphuret  of  anti- 
mony, or — e  with  mosaic  gold,  or — -f.  with  cinnabar^  or^ — g.  with  a 
mixtnre  of  sulphur  and  Eincblende,  or — h.  with  arsenious  acid.  Of  all 
these  phosphorescent  compounds^  the  most  luminoas  are  a,  h^  and  c. 

Waeh' If  Fhogphori:  a.  Burnt  oyster'Shelb  thinly  sprinkled  with  solu- 
tion of  aitificial  tersulpharet  of  araeniCj  covered  after  drying  with  pounded 
sulphur,  and  ignited  in  a  covered  crucible,  produce  an  excellent  pbospbo- 
rus, — 6,  Three  parts  of  bumt  oyster-shells  disposed  in  alternate  layers  with 
I  part  of  a  mixture  of  10  parU  of  flowers  of  salphur  and  1  part  of  oxido 
of  antimony,  and  moderately  healed  in  a  covered  crucible.— c.  Similarly 
with  oxide  of  zinc. — d.  With  oxide  of  cadmium. — e.  With  peroxide  of 
tin.—/.  A  solution  of  arseniate  of  ammonia  is  droppoil  upon  calcined 
oyster-shells,  which  are  then  sprinkled  with  sulphur  and  ignited.^-<Si}ni* 
larly  with  chloride  of  antimony — A.  With  sulphate  of  zinc. — i.  With 
sulphate  of  cadmium. — k.  With  proto-chloride  of  tin. — /,  Good  phosphors 
are  likewise  obtained  by  igniting  hyposulphito  or  sulphite  of  baryta, 
strontia,  or  lime,  particularly  hyposulphite  of  lime  mixed  with  3  or  4  pe? 
eent.  of  magncjsia. 

Lastly,  among  good  phosphori  may  be  enumerated :  Homhtrgt  Phos- 
phor u§  (chloride  of  calcium,  which  Homberg  formed  by  melting  1  part  of 
gal-ammoniao  with  2  parts  of  slaked  lime);  Baldwins  PhosplioftfS  (nitrate 
of  lime  fused  till  the  nitric  acid  begins  to  decompose) ;  many  kinds  of 
fluor-spar,  as  the  chlorophane  of  Nertschinsk  (Grotthadi^),  and  a  variety  H 
of  fluor-spar  from  Dauuria  (Schw,  49,  259);  strontianite ;  arragonite ;  B 
calcspar;  marble;  stalactites;  chalk,  and  §lightly-burnt  oyster-shells^ 

Less  powerfully  luminous,  according  to  Heinrich,  are:  Crystallized 
boracic  acid,  saUanimoniac,  sulphate  of  potash,  nitre^  crystallized  carbo-  fl 
nate,  borate,  and  sulphate  of  soda:  rock-ealt,  witberite,  radiating  heavy  ™ 
gpar  from  Bologna,  marienglas,  fibrous  gypsum,  alabaster,  artificial  sul- 
phate of  lime,  (common  fiuor-spar — GroUhu^s),  crystallized  sulphate  of 
magnesia,  crystallised  alum,  arsenious  acid,  pharmacolite.  freshly  pre- 
pared flowers  of  xinc,  sulphate  of  mercury,  tartar,  benzoic  acid,  loaf-sugar, 
sufur  of  milk,  bleached  wax,  white  paper  (especialiy  when  it  has  Wen 
hiiftted  almost  to  burning:  yellow  and  red  paper  are  nearly  as  phospbo- 
ms^^oni  as  while,  dark  blue  paper  is  not  at  all  io^GraUhtm) ;  egg-sbella, 
Qoriiliii  snails^  pearls,  bones,  teeth,  ivory^  leather,  and  skins  of  men  and 

Tb<»  following  are  phogph  orescent  in  a  tolerably  high  degree:  Tartaric 
ttoidi  iilw»  M^eds,  grain  flour,  starch,  critnis  of  brt^ad,  gnm-arablc,  feathers, 
fbt^tittt,  V'*lk  of  OiTgt  mosctilar  flesh,  tendinis,  isinijlaasi,  glue,  born — all  well 
ilHmi  4  Hiniiniver.  tbo  ulbunium  of  trees,  bleached  linen^  bleached  cotton- 
Mfii)  aUtl  olh^r  bl<Niched  vegetable  libres. 


PHOSPHORESCENCE  BY  IKRABIATION. 


195 


Mfwlemtely  pbo»phc»re6cent  are :  Ice,  oxide  of  antimony,  iralpliate  of 
jEiDC,  wbito  lead,  iran  pyrites,  alum-alate^  baaaltj  potter's  clay,  fuller's 
earth,  bark  of  trees,  amb^r. 

Feebly  luminous  arc:  Ccclestin,  anialt,  inngnetic  iron  ore,  red  ocbre, 
uadried  seedfij  l!our»  and  fttarch ;  also,  according  to  Grottbuss^  blue  carbo- 
Bftt«  of  eop|>er  (KitpftrJfWir),  and  beryl 

Very  feebly  and  often  not  at  all  luminous  are:  Glass,  stlica,  rock' 
crystalj  iimetliyst,  cornelian,  pniee,  beliff>trope,  isapphire,  corundum,  cbry- 
Bolite,  spinel  1;  emerald,  topaz,  tourmalin,  liyacintb,  garnet,  ni  elan  its, 
leucite,  adularia,  common  felspar,  zeolites  and  other  minerals;  chloride  of 
Einc,  yellow  blende,  wood,  most  kinds  of  resin  and  gum,  silk^  and  animal 
•ubstancca  not  well  dried. 

The  folio  win  0^,  acx-ording  to  Heinricb,  exhibit  no  phospborefK^ence  t 
Water  and  all  other  liquids,  sulphur,  graphite,  all  metals  in  the  free  state, 
baryta,  strontia,  lime,  apatite,  red  lead,  rod  oxide  of  merctirVt  fre!?h  parts 
of  plants,  unbleached  yam  of  hemp  and  flar,  mineral  pitch,  fossil  tar, 
coal,  jet,  turf,  charcoal.  Moreover,  according  to  Dessaignes,  all  metallic 
snlphurets  except  orpiment. 

According  to  Deesaignes,  phosphorescence  is  also  exhibited  by:  Qlu- 
cina,  phosphorite  froni  Estremadura,  orpiraent»  flowers  of  sulpburet  of 
antimony  (,*pussglanz'hiumen),  sulphato  and  phosphate  of  loarl^  proto* 
chloride  of  tin,  a  mixture  of  peroxide  of  tin  and  oxiae  of  lead^  and  imper- 
fectly slaked  baryta,  strontia,  and  lime. 

These  bodies  will  not  shine  in  the  dark  unless  they  are  first  exposed 
to  li^lU:  even  the  Bolognian  and  Canton*s  phosphorus,  which  are  pre- 
pared by  ignition,  do  not  shine  when  left  to  cool  in  the  dark  and  not  first 
exposed  tt»  light  (John):  neither  do  the  realgar  and  antimonial  pbos- 
phori,  even  wnen  heated  to  I  nO^  C.  (Osann.).  Most  of  these  bodies  re- 
quire to  be  exposed  to  the  direct  rays  of  the  snn.  The  Can  ton  i  an  and 
Bolognian  phosphorus,  diamond,  paper,  chloropbane,  sulphate  of  potash 
and  common  salt,  are  rendered  luminous  by  reflected  sunlight;  the  five 
substances  first  named,  by  strong  lamp-light;  the  Bononian  phosphorus^ 
and  Osann*s  phospbori  a,  6,  e^  oy  the  light  of  phosphorus  burning  in 
oxygen  gas.  (Phosphorus  burning  in  oxygen  gas  under  a  bell -jar  makes 
Canton's  phosphorus  bat  very  feebly  luminous^  because  the  light  pa^^ses 
through  tlie  glnm^-^E.  Becquerd.)  The  !n.ft  three  phospbori  (not  the 
Bolognian)  are  also  rendered  phosphorescent  by  the  light  of  sulphur 
barning  in  oxygen  gas,  and  even  by  the  light  of  a  tallow  caudle^  placed 
at  the  distance  of  a  foot;  the  antimonial  phospboru?,  likewise  by  the  light 
of  white-hot  iron  at  the  distance  of  a  foot;  (in  the  last  experiment  the 


by  the  light  of  burning  alcohol  impregnated  with  common  salt;  Cantons 
phosphorus  and  some  diamonds  are  also  rendered  luminous  by  moonlight. 


phosphorus  was  placed  in  a  dish  surrounded  with  Tce);  burnt  oyster-shells, 
by  the  '*  •       *  '        *         .     i    .  •  .    i      .  .  .       ^ 

P"    . 

The  intensity  of  the  emitted  light  is  however  always  proportional  to  that 

of  the  light  by  which  the  phosphorescence  has  been  excited.  Bodies  may 
be  rendered  luminous  by  irradiation,  even  when  immersed  in  water. 
(Heinricb,  De^saigues,  Osann.) 

Canton*s  phosphonis,  after  being  exposed  to  daylight  for  two  ei  conds, 
exhibits  the  greatest  luminosity  when  immersed  in  water:  the  light 
appears  to  be  somewhat  fainter  when  the  substance  is  freely  exposed  to 
day-light;  fainter  again  when  the  lip^ht  falls  upon  it  through  a  plate  of 
Took-crystal  7  inches  thick ;  ^till  fainter  when  it  passes  through  blue 
glass,  and  faintest  of  all  when  the  light  reaches  the  phosphorus  after 
paaaing  through  a  plate  of  white  gUisa  3  miEimetrea  thick,  or  through  a 
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qf  solid  gelmtine.  Wli€n  ike  imdatioB  mtiaaet  tvm  la  to  20 
hf  ibe  diferenoe  ii  no  Ioium  fmet^Mm^  (B»ot} 

Of  mil  the  ooloitred  rmj«  of  Ae  prim  Uie  ▼iotei  (or  tlie  Uoe  acesociliiig 
to  GroUliiin)  md  ^  mTmble  mjs  ^^^T^of^  ^  violel  act  most  powei^ 
fftlljT  in  prodisctiig  vhoefhoreaeeoem,  Tlus  ponrer  diariniithw  with  Ika 
f«frmiigniililj:  ftceomii^  to  Heinrid^  tlie  rea  tbj  does  boI  indnee  fboft- 
|ilM>v«0eeBee  to  the  dimond;  arcording  to  Rebeck  a&d  Grolthm,  »Mlife 
iBiDtnovljr  is  indneed  by  tbe  red  rmj,  uid  aoeoiding  to  Seebe^,  by  tbe 
ioraible  imji  sdjoiniiig  it.  PboApbori  wbidk  bare  been  rendered  loini' 
Dons  bj  eolontlesi  ligbt,  cease  to  uiine  modi  sooner  in  red  li^t  than  in 
tbe  dark ;  and  iDstantaoeoiisljf  wbea  exposed  to  icd  ligbt  oonoeatrated 
br  a  lens.  (Seebedc.)  Similar  oppodtion  of  eifeds  is  prodaeed  hj  ligbt 
Which  bas  peaeed  tbroogb  eolmmA  glasses.  Ligbt  ttmnaiiiittod  tbro^^ 
blue  glass  makes  Canton's  pbospboms  almost  as  lominoos  as  ooIonrlM 
li^bt  concent  rated  hy  a  lens;  behind  red  glaiss,  on  the  contrary,  tbe  pbos* 
pboras  not  onlj  faib  to  acqnire  Inminodtj,  bat  ceases  to  ehine  when 
previonalj  irradiated,  much  sooner  than  it  would  if  placed  in  the  dark. 
(Seebeck.)  Osann'»  phoephori  a,  6,  and  c  become  strongly  phogphore^oent 
nnder  colourless,  riolet,  and  bine  gla&s,  faintly  under  light  green  and  ligbt 
yellow,  rery  fe^intlj  ooder  orange-coloured,  and  scarcely  or  not  at  all 
under  red  glass.  (Usann.)  Calcined  oyster-shetls  become  strongly  lumi- 
noos  when  exposed  to  day-light  under  dark  Tiolet  gla^  (whici  when 
analysed  by  tbe  prism  appears  to  consist  of  violet,  blue,  and  red),  rery 
faintly  under  bluish  green,  and  scarcely  at  all  under  homogeneous  red 
glass  coloured  with  suboxide  of  copper.  (Biot  and  E»  Becquerel)  Bolog- 
nlan  phosphorus  prepared  according  to  (3),  half  covered  with  a  plate  of 
bl  tie  glass  and  exposed  to  sunlight,  becomes  less  luminous  in  tbe  direct 
light  of  the  Kun  than  under  the  blue  glass.  (Baguerre.)  The  same  result 
therefore  as  that  obtaioe^l  by  Seebeet  It  appear^t  from  this  that  colour* 
less  light  contaius  rays  which  oppose  tbe  production  of  phosphorescence, 
yix.  the  orange,  as  shown  by  Seebeck,  It  ia  therefore  the  chemical  rays 
of  light  by  which  phosphoreeeence  is  produced. 

Chlorophanei  Cantong,  and  the  Bouonian  phosphorus  insolaied  at  a 
temperature  of  —  31'  C  (—  24°  Fah.)  shiue  at  +  10^  C.  (50"  Fah,),  louger 
and  with  greater  intensity  than  when  they  have  been  exposed  to  light  at 
+  31^  C.  (88"  Fah.)  (Grottbugs),  Phoephori  newly  prepared  by  ignition 
and  exposed  to  light  while  yet  hot  acquire  little  or  do  luminosity;  it  is 
only  when  cool  thut  they  are  susceptible  of  the  influence  of  irradiation* 
(Osann.)  Canton's  phoephorus  insokted  at  temperatures  from  100''  to 
200"  Cj  and  then  taken  immediately  into  a  dark  room  exhibits  but  a 
feeble  light.  (E.  BecquereK) 

A  merely  momentary  irradiation  produces  phosphorescence,  though 
but  for  a  Miort  time;  longer  continued  irradintion  does  not  produce 
stronger  or  more  lasting  pboaphorescence  than  irnidiation  for  10  seconds 
only.  (Dessaignea,  Heinnch,)  Pulverized  phosphori  exposed  in  masses 
to  light,  Mne  nfU'VwnTtU  only  on  the  surface,  and  when  stirred  with  a 
rod,  exhibit  dark  streaks,  (Osann.) 

The  phosphorescence  is  sometimes  so  weak  that  it  can  only  be  per- 
ceived by  an  eye  which  has  been  in  the  dark  for  a  long  time  ;  but  good 
phoKphori  often  shine  in  twilight,  Wach^s  phosphori  are  visibly  phos- 
phorei^cent  oven  by  daylight,  ami  illuminate  a  dark  room. 

The  duration  of  tho  phosphorescence  varies  greatly  according  to  the 
nature  of  the  body.  Cantons  phosphorus,  after  being  exposed  to  sun- 
shine for  10  seconds,  shines  for  10  hours  according  to  Dessaignes,  and  for 
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5  days  according  to  Grottlmss;  chlorophaDe  for  10  days  according  to 
Grottbuss,  and  30  to  60  miimtes  according  to  HeiDricli ;  Bolognian  plios- 
phorus  pre|mred  by  (3),  for  48  lioiirs  according  to  Daguerre,  1  bour  ac- 
cording^ to  Heinricb,  4  minutes  according  to  Osann,  and  60  seconds 
according  to  Dcseaignes, — realgar  pbospborus  for  some  hours,  antimonial 
pljo^phorus  for  149  minutes,  arsenical  pboaphoma  for  34  minutes  (Osann); 
diamond  from  5  seconds  to  an  bonr;  common  fluor-spar  from  1  to  30 
minutes,  rno^t  salts  and  organic  aubatancee  from  6  to  20  seconds,  minerala 
for  a  etill  sborter  time.  (Dessaignea.) 

The  colour  of  the  ligbt  varies  in  an  equal  degree  according  to  tho 
nature  of  tbe  subfc£tances.  Most  of  tbcm  emit  a  wbite  ligbt,  diamond  and 
Bolognian  pbospborus  a  yellowish  retl, — arsenical  phosphorus  a  yellowish 
red,  when  longer  ignited  a  reddisli  yellow,  and  after  still  longer  ignition  a 
colourless  light, — Canton's  phosphorus  a  light  yellow  rose- red  or  pule 
violet, — ^pboapliori  from  oyster  shcllB  and  cinnabar  a  yellow,— antimonial 
phoBpliorus  a  light  green,  or,  when  it  has  been  ignited  for  a  long  time,  u 
colourless  light,^glucina  and  cblorophnnea  greenj^etrontian  pbosjpborus 
a  green  or  bluish  light, — realgar  pliosp!ioru8  a  bine  light,  in  some  placca 
yellow  and  purple  red,  but  after  strong  ignition  a  wliite  light,^phosphori 
from  oyster-eliells  and  mosaic  gold  or  blende  a  bluish, — calcined  oyster- 
sheila  a  red  and  in  some  parts  a  pale  blue  light,  Wachs  pho*«pho- 
rus  a  gives  a  blue,  b  a  white,  c  a  bnght  green,  bluish  in  parts^  d  a  deep 
yellow  and  e  a  white  light;  the  part/ sprinkled  with  ar.^niate  of  ammo- 
nia appears  of  a  fiery  red  with  a  green  border;  that  moistened  with  chlo- 
ride of  antimony  (/,  a  yelkmiah  red  with  lighter  border;  that  with  white 
vitriol  A,  a  faint  light  with  a  bright  bluish  luminona  zone,  that  moistened 
with  snlpliatc  of  cadmium  j,  a  bright  yellow  with  bluish  circumference  j 
and  that  sprinkled  with  chloride  of  tin  A%  dbines  with  a  faint  yellowish 
light  surrounded  by  a  luminous  border.  Since  the  border  generally 
ehines  the  most  brightly,  a  minimum  ijunntity  of  metallic  salt  seems  best 
adapted  to  strengthen  the  illuminating  power  of  the  phosphorescent 
body.     (W'ach.) 

This  colonr  bears  no  relation  to  that  of  the  light  by  which  the  phos- 
phorescence has  been  developed.  Thus  diamond  or  Bolognian  pbosijliorus 
in  sola  ted  with  the  blue  or  violet  ray,  ebinea  with  yellowish  red,  and 
Canton's  pbospborus  under  the  same  circumstances  with  light  yellow  or 
rose-coloured  light.  Hence  Grotthuss  concludes  that  the  phosphorus  ha^ 
the  property  of  converting  colourless  into  coloured,  and  coloured  light  into 
light  of  another  colour  or  white  light;  and  he  considers  the  diflerencea 
between  the  several  rays  as  resultijig  only  from  the  different  velocities  of 
the  lateral  oscillatory  movements  of  the  rays,  the  direct  velocity  of  pro- 
pagation being  the  same  for  all. 

Phoephoreseence  shows  itself  in  all  trani=fi>arent  media  which  do  not 
alter  the  composition  of  the  phosphorus;  the  diamond  shines  in  water, 
hydrogen  gas,  nitrogen,  and  nitrous  gas  (Heinrich);  chlorophano  in  water 
(Grotthuss) ;  Canton's  phosphorus  in  a  vacuum  and  in  all  gases, — but 
acid  gases  soon  destroy  its  luminous  power,,  and  chlorine  destroys  it 
instantly  (Bessaignes) ;  similarly  in  water  and  alcohol  (Grotthuss). 

The  phosphori  fonned  from  realgar  and  antimony  retain  their 
property  of  shining  by  iuscdation,  when  kept  for  a  long  time  under 
water;  the  former  does  not  shine  more  brightly  in  oxygen  gas  than  in 
common  air.     (Osann.) 

The  phosjihorescence  of  these  bodies  shows  itself,  according  to 
Heinrich,  as  strongly  at  —  12*^  oe  at  -I-  25**.     A  higher  temperature 
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streTijrtlietiB  it  but  ehortens  its  duratifin.  When  a  body  like  Canton's 
pliu^pliorus  or  cbluropLane  bas  ceased  io  sbine  at  a  certaio  temperature, 
it  will  shine  again,  even  months  after,  when  iu  temperature  is  raised,  t.g, 
by  the  warmth  of  the  hand,  by  boiling  water,  ur  tbe  approximatian  of  a  hot 
iron :  but  it  afterwards  retj aires  renewed  insolation  to  make  it  shine  again. 
(Canton^  Grotthusss,  Osann.)  Cant+in'a  phospborns  insolated  in  a  freezing^ 
mixture  and  removed  to  a  dark  place  without  being  taken  out  of  tbe 
mixture^  shines  aa  strongly  as  if  it  had  been  insolated  and  placed  in  the 
dark  at  the  orditiary  temperature ;  but  after  ceasing  to  shine  in  the 
freezing  mixture^  it  a^fain  begin  &  to  em  it  lijjbt  when  raified  to  the  onlSnary 
temperature.  (E.  Becqucrel.) — The  Boloiriiian  pbo^pborus  prepared  ac- 
cording to  {3},  and  spread  upon  a  plat*  which  is  earned  in  tfie  open  hand, 
caoeea  the  fingers  to  ^bow  tbroiigb  the  plate,  because  wIhtc  their  waniith 
is  conducted  through  the  plate,  the  phosphor  as  tjhine<^  more  brightly, 
(Dugnerre.) 

TrMTit*lucent  substances,  such  as  marble,  likewise  emit  light  from  the 
surfaces  of  fracturea  formed  during  plioKpboresceuee, 

All  phoi^pliori  retain  their  fdiosphorescent  properties  only  so  long  a^ 
they  are  not  cbemically  altered ;  beoce  sonie  of  them,  nuchas  the  Bo- 
lognlan  and  Canton's  phosphorus,  must  be  preserved  in  sealed  tubes. 
Some  of  iheui,  t.ff.  diamond  dn.^t,  e!dorophane»  conirnon  fluor-ppar  and 
sulphate  of  potash,  lose  their  power  by  iffoition,  but  recover  it  when  an 
electric  sbfxk  is  pasW  through  them.     (Densaignes,  Grotthu.'^s  ) 

The  offect  of  insolation  in  rendering  these  boiiies  phosphorescent  may 
be  replaced  by  that  of  the  electric  light  produced  by  paasing  the  charge  of  a 
jar  through  them,  Canton's  phosphorus  becomes  beautifully  luminous  when 
ptacmi  in  a  tube  of  blue  or  colourless  glass  over  which  an  electric  charge 
IS  passed  (in  a  yellow^isb  red  tube  no  phosphorescence  is  produced). 
(Seebeck.)  Tbe  intensity  of  the  phosphorescence  increases  up  to  a  certain 
degree  with  the  strength  of  the  shock;  soinetinies  only  a  streak  of  light 
appears  following  the  course  of  tbe  spark,  sometimes  the  whole  body 
flhines.  (Heinncb,)  The  pbosphoresceDce  produced  by  electricity  bae 
the  same  oolonr  and  the  same  duration  as  that  induced  by  insolation 
fDessaignes) ;  according  to  Grotthuss  it  is  brighter.— -The  electric  spark 
produces  phosphorescence,  not  by  mechanical  disturbance  or  electric 
action,  but  by  its  light.  Canton *s  pbo.«ipliorus  or  green  tluor-spar  becomee 
luminous  when  tbe  spark  of  an  clectrioal  bntterv  having  a  surface  of  2 
square  metres  is  pu^setl  over  it,  at  any  distance  from  I  decimetre  to  3 
nrdtrea;  (at  which  last  distance  tbe  electrical  effects  are  no  longer  per- 
ceptible); but  the  greater  the  distance,  the  weaker  is  the  light.  Several 
sparks  at  a  great  distance  produce  as  much  pbo.sphorescence  as  one  close 
at  harub  If  the  Cantonlan  phosphorus  expoi*ed  to  tbe  electric  spark  he 
placed  under  glass  coloured  red  with  suboxide  of  copper  or  under  yellowi^ib 
green  glass,  it  does  not  become  luminous;  under  blue  glass  it  become«  very 
faintly  luminous,  under  yiolct  or  colourless  glass  rather  more  so  (and  the 
thinner  tbe  glass  the  greater  is  the  effect)  but  not  nearly  so  bright  as  when  it 
is  exposed  without  any  covering  to  tbe  action  <»f  the  spark.  (E.  BecquerelJ 
Under  a  plate  of  rockcrystal,  smoky  topa^,  or  gypsum  (Marienglas) 
Cantmfs  phr>sphorus  becomes  much  more  powerfully  luminous  than  under 
a  plate  of  coluurleas  glass,  even  of  less  thickness;  the  pbosjiborus  also 
becomes  luminous  wben  covered  with  two  plates  of  rock-crystal  with 
water  between  them.  If  it  be  covered  with  opaque  paper  iu  which  there 
la  an  aperture  1  millimetre  in  diameter,  and  tlie  eleetrie  spark  passed 
oyer  ibis  aperture,  it  will  be  foujidj  on  remoying  the  paper  in  tbe  dark,  that 
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the  phosphorescence  is  at  first  confiiiod  to  a  small  circle,  whence  it  gra- 
duoOy  diflust^  itself  over  the  whole  phoaphoruflj  then  gradualJj  dimiiiUhes 
and  dieappeare.     (Biot  &  E.  Becquercl.) 

b,  Development  of  Lighif  produced  hy  the  action  of  Heat, 

Almost  all  botlies  which  are  capable  of  becoming  phosphorescent  by 
inaoltttion  and  have  ceased  to  shine  at  ordinary  tempo  rata  rea — and  others 
likewise — ^become  luminous  when  heated  in  the  dark.  It  seems  therefore 
that  the  bodie.-s  at  the  ordinary  temperature  contain  a  certain  quantity  of 
light  60  intimately  combined  with  them,  that  it  cannot  diffuse  itself 
through  a  dark  space  by  virtne  of  ite  own  elasticity ;  but  that  the  capacity 
of  bodies  to  i^n  light  diminishes  as  their  temperature  rises. 

The  8ubfltatiC6fl  which  exhibit  phosphorescence  when  heated  aro  not 
only  altnofit  all  tha>B8  which  acquire  the  same  property  by  insolation,  but 
likewise  those  diamonds  which  do  not  become  luminous  by  insolation 
(Heinrieb)*  also  baryta,  strontia,  limci  niagneiiiai  alumina,  apatite,  the 
filings  of  several  metals  (xinc  and  antimony  are  the  most  luminous,  gold 
and  silver  the  least;  mercury  also  exhibits  a  very  faint  luminosity  accord- 
ing to  Dessaignes^  none  at  all  according  to  Beinricb) — very  many  metallio 
oxides  both  hjdrated  and  anhydroua,  almost  all  earthy  minerals,  €,  a., 
red  sapphire,  rock  crystal,  red  felspar,  red  mica,  asbeatas,  steatite 
(Wedgewood);  wernerite,  dipyre,  tremolite,  harmotome  (Hauy);  heavy 
Wp^f  anhydritei  bitterspar,  datolite,  green  sapphire,  broivn  adamantine 
spar,  common  quartz,  amethyst,  grey  honiblende,  blue,  yellow,  and  white 
topaz,  rnbellite^  cyanite,  spodiimene,  petalite,  eodalite,  green,  brown,  and 
black  mica,  lapia-laxulif  obsidian,  uiesotype»  tabular  «par,  augito,  glassy 
actynolite,  sphene,  anatase,  black  titaniferous  sand,  tungstate  of  lime,  sul- 
phate of  lead,  arseniate  of  lea«l,  red  silver  (Brewster);  baryto-calcite. 
(Children,  Ann,  PhiL  24,  11.5,) — Sulphate  of  quinin  and  sulphate  of  cin- 
chonin  shine  when  moderately  heated;  resin  of  guiacum,  mastic,  sanda- 
rach,  olibanum,  myrrhs,  galbannmj  and  ammoniaail  resiu  at  their  boiling 
poiat^;  gum  arabic,  marsh- mallow  root,  and  Florentine  violet- rout,  at  a 
heat  at  which  they  begin  to  char,  perhaps,  therefore,  in  consequence  of  a 
slow  combustion.  (Jonas,  Bv.  ArcL  17,  250.)  Comp.  Bottger*  p.  200* 
Likewise  wax,  fat,  and  volatile  oils,  and  many  other  organic  bodies,  shino 
when  heated,  their  phosphorescence  being,  however,  due  to  alow  combus- 
tion ;  the  same  remark  applies  to  the  luminosity  of  the  filings  of  several 
Dietab,  which  may  perhaps  be  due  partly  to  the  combustion  of  the  metal, 
partly  t^  that  of  oil  adhering  to  it.^ — The  sparkling  observed  by  Dobe- 
reiner  (Schw,  41.  221)  on  heating  chlorate  of  potash  with  powdered  per- 
oxide  of  manganese  (or  with  fine  qnartz-sand)  (Schweigger),  in  a  gla^s 
tube  likewii^e  resnlt^  from  chemicaJ  combination. 

Phosphorescence  w  not  induced  by  heating  in  bodies  which  fnae  or 
Yolatilise  at  a  high  temperature,  e.  <f.  the  hydrates  of  potash  and  soda, 
nitre,  the  nitrates  of  stront la  and  lime,  and  ammoniacal  salts,  which  at 
mwi  become  slightly  luminous  when  gently  heated  (De«saignes);  neither 
diNM  it  occur  in  incombustible  liquids  (Heinrich). 

The  lowest  temperature  capable  of  inducing  phosphorescence  is  not 
only  difierent  in  ditferent  substances^  but  likewise  varies  tn  diierent  spe- 
cimens of  the  same  substance.  With  Canton's  phosphorus,  chlorophane 
(Pallas),  many  diamonds,  and  while  topaz  (/.  Phys,  55,  60),  which  have 
oeated  to  shine  in  the  dark  at  ordinary  temperatures,  the  heat  of  the 
hand  or  the  breathy — and  with  the  first  mentioned  lubstauoe^  immersion 


20O 


LIGHT. 


in  oil  of  vitriol  or  nitric  acid,  wbicU  produces  heat,  is  rafficiont  to  excite 
pboephorescence ;  wilh  common  fluor-spar  the  temperature  must  be  raieed 
to  between  63'  and  100**  C,  with  pho«phont4^  from  Estremadura  and 
adularia  to  lOO"*,  with  diamond  between  100**  and  250',  with  the  natural 
forras  of  carbonate  of  lime  between  200**  and  SiS*',  with  minerals  of 
the  siliceous  clas5  between  250^  and  375'',  with  oils  between  Si''  and  250^. 
In  this  rcq)ect  it  is  indifferent  whether  the  bodv  is  in  the  form  of  lumps 
or  powder,  and  whether  the  heated  support  consists  of  glass,  clay,  porce* 
lain,  iron,  copper,  silver,  mercury,  or  tiu,  or  whether  the  salistanc^  is 
thrown  into  hot  water. 

Bodies  which  become  strongly  phosphorescent  by  insolation,  generally 
also  shine  brightly  after  being  heated, — and  conversely :  a  considerable 
degree  of  phosphorescence  is  however  aci]Qired  by  hard  minerals  when 
heated*  The  longer  a  body  shines  by  insolation,  the  longer  also,  generally 
speaking,  does  it  shine  after  heating;  and  with  the  same  body,  the  phos- 
phorescence produced  by  heat  lasts  longer  than  that  excited  by  insolation, 
— with  the  exception  of  diamond,  flttor-€par,  Canton's  phos^phorus,  and 
other  bodies,  which  ^hinefor  a  longtime  after  insolation,  and,  on  the  con- 
trary, for  a  shorter  time  after  being  heated.  The  intensity  of  the  light  is 
also  directly  proportional,  its  duration  inversely  proportional,  to  tho 
degree  of  temperature  to  which  the  bo<ly  is  raised. 

With  most  bodies  the  light  is  soft  and  streaming,  witfi  metal  filings 
and  certain  heavy  metallic  oxides  it  is  sparkling.  (Dessaignes.)  Tho 
colour  of  the  light  bears  no  relation  to  that  of  the  phosphorescent  body, 
and  is  more  variable  than  when  producetl  by  insolation,  being  sometimes 
white,  sometimes  violet,  blue,  green,  yellow,  or  reddish :  the  same  body 
often  exhibits  several  of  these  colours  at  different  stages  of  the  prooosa  of 
heating,  sometimes  in  the  order  just  mentioned,  sometimes  in  the  reverse 
order,  but  always  in  such  a  manner  that  some  of  the  colours  are  passed 
over.  (Heinrich.) — The  light  emitted  may  be  resolved  by  the  prism  into 
a  coloured  spectrum,  just  like  ordinary  light. 

Inorganic  bodies  shine  equally  well  in  common  air,  oxygen,  nitrogen, 
hydrogen,  or  carbonic  acid  gas,  or  in  vacuo,  water,  or  oil;  organic  sub- 
stances, on  the  contniry,  shine  only  in  air^  or  still  better  in  oxygen  gas : 
their  phosphorescence  is  therefore  to  be  regarded  as  a  piicnonicnon  of 
combuHlion.  Only  in  the  case  of  linseed  oil,  De^saignes  was  able  to  dis- 
tinguish a  fainter  luminosity,  which  occurred  at  125"*  C,  even  in  carbonic 
acid  gas,  from  the  stronger  phosphorescence  which  was  produced  at  a 
higher  temperature,  and  only  when  oxygen  was  present.  T!ie  phospho- 
rescence of  boiling  linseed  oil  ceases  when  the  air  is  removed  by  the  air- 
pump,  and  recommences  when  it  is  again  admitted.  (Grotthuss.)— Quinin, 
sulphate  of  fjuinin,  and  sulphate  of  cinchonin,  do  not  diine  so  strongly 
daring  the  time  that  they  are  heated  (nu  paj>er  over  a  lamp)  as  they  do 
30  or  40  seconds  after  the  removal  of  the  lamp:  the  luminosity  begins  at 
the  edge,  extends  towards  the  middle,  and  often  lasts  several  minutes. 
Other  salt^  of  rjuina  and  other  organic  salifiable  bases  exhibit  no  phospho- 
rescence. (R.  Bottger,  Ann.  Phnrm,  3*3,  342,) — Luminous  characters  may 
be  traced  on  paper  with  a  piece  of  iron  heated  somewhat  below  redness. 
The  vapjur  which  rises  from  paper  boated  by  contact  with  hot  iron  is 
also  luminous;  so  likewise  are  wood  and  sugar  when  touched  with  a  hot 
iron.  (Grotthuss.) — The  wick  of  a  tallow  candle,  which  has  been  extin- 
guished in  the  dark,  so  as  not  to  leave  a  single  spark  alight,  remains 
mintly  luminous  for  some  seconds.  If  sulphur,  wax,  tallow,  fat  oil,  cam- 
phor, resin,  or  caoutchouc  be  rubbed  upon  hot  iron  not  luminous  in  tho 
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dark — or  if  tlie  iron  be  brought  in  contact  with  gum,  starcbj  born, 
featbcrs — or  if  oleriiuit  ^as  or  etber  vapour  be  made  to  rise  ajffainst  it — a 
palcy  bluisli  wbito,  lambent  flamo  of  various  dci^rees  of  intensity  will  be 
prmbiceil.  Talbw,  paper,  and  cacao- fat  exbibit  phospljoreaccDce  at 
149°,  wax  not  beloxv  20r  C.   (Williams,  Fo^r;,  39,  490;  nlso  J.  pr.  Ch,, 

Bodies  wbich  have  coased  to  shine  at  a  certain  temperature  again  be- 
eome  luminous  when  moreatrongly  heated; but  tbey  then  require  to  be  €uce 
more  exiio,sed  to  light  before  tbey  will  exbibit  pbosjdiorescence  on  being 
heated.  Tlie  realgar  and  antimony  pbo^phori  prepared  in  a  covered 
crucible  and  cooled  in  fbc  dark  do  not  become  pbospboresceut  by  heat; 
but  if  exposed  to  light  and  then  kept  in  the  dark  for  a  long  time,  they 
emit  light  on  being  lieated.  (Osann,) — Tbe  application  of  a  very  strong 
heat  produce.^  a  momeutary  and  very  vivid  phoa|i!ioresceuee,  but  deprives 
most  bodies,  tbe  heavier  metals,  tbeir  oxides  and  ,salt.s^  for  cxaui]de,  of 
tbe  power  of  again  hcconiing  luminous:  e.  c/.,  metal  filings  do  not  emit 
light  when  too  much  pres?ture  has  been  iised  in  the  act  of  filing.  (Dc«- 
saignes.)^ — Many  other  bodiefl  may  be  deprived  by  half  an  hour'n  ignition 
of  the  power  of  emitting  light  when  lieated,  e,  ^.,  preci<*u*j  is tones,  glaj^s, 
(|uartx,  ciay,  magnesia,  heavy  spar,  ^trontianite,  carbnnate  of  lime,  fluor- 
spar, and  many  other  wilta  of  the  alkalis  and  earths  which  partly  lo«e 
tbeir  water  of  crystallization  when  ignited,  Tbe  luminous  power  is 
however  restored  by  electric  discbargee  even  when  sent  througli  a  paste 
formed  of  the  ]iowdered  substance  mixed  with  water  (this  is  tbe  case  with 
carbonate  of  lime,  fluor-.'^par  and  heavy  spar);  in  tbe  case  of  salts  whieli 
have  lost  their  water  of  crystallization  by  ignition,  the  pbospliorcwcent 
power  h  restored  by  exposure  t^^i  tbe  air,  by  breathing  on  them,  or  moisten- 
ing tlicm  (some  salts  indeed^  after  being  moistened  with  water,  s^bine 
again,  though  but  faintly,  wdien  heated,  without  previous  exposure  to  light, 
— (Dessaignes,  Grotthub);  and  in  tbe  case  of  etrontianite  and  carbonate 
of  lime,  by  heating  to  whiteness  (Heinrieh,  Dessaignes). — Cbloropbane, 
which  has  lost  iU  pbospboresceut  properties  by  ignition,  yields,  by  solu- 
tion in  hydrochloric  acid  and  evaporation,  crystals  of  fluor-spar  which 
acquire  little  or  no  lumino.Hity  when  heated;  whereas  if  the  cbbjri*pbane 
be  fresh,  or  if  its  phosphorescent  power  after  being  destroyed  by  ignition 
has  been  restored  by  tlie  electric  spark,  it  will,  wlien  treated  by  hydro- 
chloric acid,  yield  crystals  wbich  emit  light  on  being  heated.  If  ignited 
and  iin ignited  eblorophane  be  dissolved  in  hydrochloric  acid  and  precipi- 
tated by  ammonia,  the  precipitate  of  the  former  will  shine  when  heated 
with  a  faint  bluisli  while  light,  that  of  tlic  latter  with  a  bright  emerald 

freen  light.  If  the  hydrochloric  acid  solution  of  nnignlted  cblorophane 
o  treateil  with  sulpburic  licid,  tbe  precipitated  sulphate  of  lime  shines 
almost  a*'  brightly  as  the  chlorophane  it.'iclf,  but  with  a  somewhat  diSerent 
light;  if  a  solution  of  ordinary  chloride  of  calcium  be  treated  with  sul- 
phuric acid,  a  precipitate  of  gypsum  is  obtained  which  is  quite  destitute 
of  pbospboreHceDce,  (Grottbus.)  If  ignited  chloriile  of  sodium  be  dis- 
solved in  i.me  portion  of  watcn  and  tlie  ^me  salt  ignited  and  afterwards 
electrified  be  dissolved  in  another  portion,  and  both  solutions  evaporated, 
tbe  latter  will  evaporate  more  quickly  than  the  former,  efflorescing  at 
tbe  same  time— and  yield  a  salt  which  shines  more  brightly  when  heated 
than  that  wbich  evaporates  from  the  former  solution.  (Grt>tthuss-) 
Baryta^  strontia,  lime,  magnesia,  alumina,  and  silicu  do  not  lose  by  igni- 
tion the  power  of  emitting  light  when  heated.     (Dessaignes,) 

Pearsall,  m  tbe  following  experiments,  placed  the  substance  to  be 
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examined  on  ivory,  and  pa^^ed  tbrough  it  one  or  two  sbocks  from  a  Ley- 
den  jar  having  a  surface  of  two  s<|uare  feet.  He  found  tbat  the  same 
effect  is  produced  Vfhan  the  6p.irk  is  passed  over  the  suHetaui^e  inclosed 
in  a  glass  tube,  whereas  the  vivid  light  between  the  charcoal  points  attached 
to  the  terminal  wires  of  a  voltaic  pile  of  lOU  pairs  haa  no  etifect  what- 
ever, Chlorophane  deprived  by  ignition  of  the  power  of  emitting  light 
when  heated  does  not  recover  it  by  two  days*  exposure  to  the  8un«  rays, 
but  regains  it  almost  entirely  by  ooe  electric  shock  {pri><iuciiig  &  green 
light)  and  still  more  powerfully  by  repeated  shocks.  Ordinary  ^ nor  spar 
el  ec  trilled  aft  it  ignition  shines  brightly  on  being  heated,  if  kept  for 
Beveral  weeks  in  the  dark;  but  if  after  being  electrified,  it  is  exposed  to 
the  fiiin  fur  the  whole  of  this  ioterval,  it  gives  little  or  no  light  when 
heated-  Apatite,  electrified  after  ignition,  ehinea  with  a  citron-yellow 
light.  Unigniied  fluor-spar,  which  does  not  shine  when  heated,  acquires 
this  property  in  a  higher  degree,  the  greater  the  number  of  electric  shocks 
passed  through  it.  Un ignited  fluor-spar  becomes  luminous  when  heated, 
emits  after  the  action  of  electric  shocks  a  more  intense  light,  which,  after 
several  discharges  have  been  parsed,  approaches  more  nearly  to  that  of 
chlorophane,  and  exhibits  colours  different  from  those  which  it  had  before 
electrimtion.  Mioerals  containing  silica  and  alumina  and  not  originally 
pOBsesaing  the  faculty  of  emitting  Light  when  heated,  do  not  acquire  this 
power  by  the  action  of  electric  ehocke.  A  solution  of  phosphore/?cent 
apatite  or  fluor-spar  in  hydrochloric  acid  gives,  when  treated  with  ammo- 
nia, a  procTpitate  which  tlocs  cot  hecoiue  luminoui^  when  heated,  either 
after  simple  drying  or  after  ignition  and  electriaation ;  hut  a  urinary  cal- 
culus consisting  of  phosphate  of  lime  becomes  luminous  when  similarly 
treated.  The  crystals  of  fluoride  of  calcium  which  the  solution  of  fluor- 
ipar  in  hydrochloric  acid  deposits  on  cooling  likewise  emit  light  on  being 
heated.     (Pear  sail,) 

c.     Development  of  Light  hy  Mechanical  Force, 

Almost  all  bodies  which  acquire  phosphorescence  by  insolation  or  bj 
the  action  of  heat,  likewise  become  luminous  by  friction  or  percussion.^ 
The  conibiued  light  thus  disengaged  from  them  is  probably  the  same  as 
that  which  is  set  free  by  heat;  from  which  cause  also  the  intensity  of  the 
light  developed  by  percussion  increnses  with  the  temperature. — Biequerel 
(Ann,  Chim.  Phys.  22,  33)  refers  the  light  developed  by  pressor©  to  elec- 
tric action  1  if  for  example  two  masses  of  ice  come  in  contact  at  sea,  tbej 
are  brought  by  strong  pressure  into  opposite  electrical  states; — and  wheo^ 
the  pressure  ceases,  the  opposite  electricities  combine  again  and  produce 
light.  The  development  of  light  by  friction  is  in  many  cases  undoubt- 
edly of  an  electric  nature,  e.  ,<7.,  in  that  of  siilphitte  of  quinin.  Moreover, 
preftsnre  produces  heat — and  this  may  excite  phosphorei:!cence  by  rise  of 
temperature.  There  is  probably  also,  according  to  Heiurich,  a  Light  of 
Separation  {TrrniumgS'Ucht),  i.  e,,  a  development  of  light  produced  by 
destmction  of  cohesion  as  in  splitting,  tearing,  or  breaking:  in  few  caaes, 
#.  f7.,  iron  pyrites,  is  the  production  of  light  a  consequence  of  combustion. 
R.  B<>ttger  {Pogg.  4.3,  655)  endeavours  to  prove  that  the  light  dereloj>ed 
bv  nibbing  flints  together  is  electrical— from  the  fact  that,  like  the 
electric  light,  it  shows  distinctly  and  separately  the  colours  painted  on  a 
revolviug  circular  disc;  Doppler  {Po<jg,  49,  505)  regards  this  proof  W 
insufEcient. 
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Solid  Bodm, 

Pho$phore$cenrs  produced  by  tearing^  Bplitiing^  and  nibbing,  — Wheo 
boracic  acid  8oliiiifie«  aft^r  fuaion,  it  eplits  in  cooling,  and  exhibits  along 
the  cracks  a  light  which  h  vieible  even  in  the  daytime.  (Dumas^  Ann* 
Chim.  Phys.  32,  335,  also  Fogg.  7,  535.)  Sulphato  of  potash  fused  with 
cream  of  tartar  and  a  little  common  salt,  likewise  cracks  in  cooling  and 
emits  light-  (Schiller^  7\isckerk  1751,  54.)  Glass-dropa  almost  always 
emit  light  when  they  bursst.  (Heinrich.)  In  the  cleavage  of  Ru^ian 
Djica  sparks  are  produced  which  sonietinies  start  ont  to  the  distance  of 
01  inch.  (Heifirit'L)  If  two  pieces  of  cloth  joined  together  by  a  solu- 
tion of  caoulchouc  in  coaUtar  be  suddenly  pulled  asunder,  or  if  any 
cotton  fabric  be  rjiiickly  torn,  light  will  he  emitted  and  will  be  visible  ia 
tbo  dark,  (Ed.  Phil,  J.  10,  185.)  (No  light  is  developed  by  the  break- 
ing «f  rripc^ij  Bilk  strings,  or  wires,  or  by  the  splitting  of  woorl.)  Cylin- 
ders of  the  following  t<ubstances,  mostly  crystallinOt  emit  light  wben 
broken,  provided  the  fracture  be  not  clean,  but  small  pieces  are  thrown 
oif  or  cracks  produced;  Fluor-spar,  rock-salt,  aulphute  of  |>otash,  rock- 
crye>tab  rose  quarts,  hyalite,  topaz,  cyanite,  adularia,  labrador,  glaf>sy 
tremolite,  zeolite,  yellow  blende  and  sugar,  especially  Canary  augiir  and 
sugar -candy;  these  aubetancea  emit  a  nnieh  brighter  light  when  pounded 
in  a  ninrtar,  BitJirtrute  of  potash,  Rochelle  salt,  and  glass  tubes  give  out 
ail  indistinct  light  when  broken;  alum,  borax,  and  Glaubers  salt  emit 
none  on  being  broken,  but  all  these  substances  give  out  light  when 
ponndeil  in  a  mortar.  (HeiaricL)  Tartaric  acid  becomes  luminous  when 
pounded  (Morion's  J.  Ckim.  Med.  3,  287);  so  likewise  do  large  masses  of 
beef  and  mutt«ti  auet  when  bruised  by  beating,  (Bauomfeind^  ICestn, 
Arch.  18,  370.) 

Phosphore»cenf^  produced  by  rubbing. — The  following  substances  einit 
light  when  rubbed  together:  Diamonds  which  become  phosphorescent  by 
insolation  or  heating,  chlorate  of  potash,  heavy  spatj  strontianite,  burnt 
lime,  Canton's  phosphorug,  fluor*epar,  many  kinds  of  Bt;itnary  marlde, 
dolomite,  arraigonite,  anhydrite,  Honiberg's  phosphorus,  phosphorite  from 
Estremadura,  glass,  porcelain,  all  precious  stones  and  vitreous  minerals 
(the  brightest  light  is  emitted  by  milk  quartz  and  adularia,  the  faintest 
by  jasper),  blende,  calomel  (cowp.  Castillo,  J.  Fhnrm,  13,  158),  corro- 
sive sublimate,  sulphato  and  pbospbuto  of  mercury,  loaf-sugar,  sugar- 
candy,  and  resins*  (Deesaignes,)  —  Also:  sal-ammoniac,  nitre,  alum,  and 
blue  vitriol  (ibis  last  only  after  drying,  the  pieces  being  rubbed  together 
while  yet  warm),  borax,  rock  salt,  witherite,  double  refracting  spar, 
calcspar,  many  granular  limestones,  many  kinds  of  alabaster,  fluor- 
spar, apatite,  pharmacolite,  rock-crystal^  quartz,  amethyst,  agate,  chal- 
cedony, horustone,  red  and  band*jasper,  op,kl,  corundum,  topax,  adularia, 
common  felspar,  labrador^  lapis  lazuli,  tourmalin,  pyropc,  wetz-schiefer, 
elastic  stone,  baked  earthenware,  calamine,  iron  pyrites  (the  last  shines 
by  combustion),  tinstone,  magnetic  iron  ore,  and  blood- stone,  (Hein- 
nche)  Phosphorescence  is  likewise  exhibited  by  wet  crystals  of  nitrate 
of  baryta  (not  by  dry  ones)  when  violently  thrown  one  against  the  other 
(A,  \Verner,  J,  pt\  Ckem.  14,  249);  manna-sugar,  and  the  so-called  sub- 
resins-  (Bonastre,  X  Pharm,  10,  19L)  According  to  Mills  {Ann.  PkU, 
23,  235),  acetate  of  lime  evaporated  t4>  drynew  and  heated  to  120*  C. 
also  emitis  light  when  rubbed  with  a  spatula. 

No  phosphoreteence  of  this  kind  is  exhibited  by  any  of  the  metals,  or 
by  any  metallic  eulpburets  except  blende;  the  hydrates  of  potash  and  soda^ 
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ftll  mtliM  of  ^mmoniA:  pota^h^  and  sodii,  exc^-pt  chlorate  of  potash;  girjj 
aotn;  the  heary  metallic  oxides;  minermlB  containm^  heayy  metallic 
oxides  ID  Urge  (juantity :  all  heavy  metallic  ealta  except  the  mercurial 
mlta  above  meotioned;  all  Tegetahle  sabetances  except  ^(igar,  resin^  and 
certain  liquids;  all  animal  eub^nces.  (DeMaignes.)  Moreover:  aulphmr, 
Ihe  Bolognian  phoephortis,  cyanite,  steatite,  lime,  ineerschaumj  a^sbestufi, 
teeth,  bones,  antlers^  homs^  and  amber.    (Heinrich.) 

Ab  a  general  rule,  the  aame  bodies  emit  light  when  rubbed  with  rock- 
cryftal,  an  etching  needle,  or  a  revolving-^indstone;  on  the  latter,  pho9- 
phoreaoence  ii  alst)  exhibited  by  serpentine,  zeolite,  realgar,  sparry  iron 
ore,  galena,  and  Rochelte  ealt:  the  friction-light  which  ia  generally  of  a 
pale  yellow  colour,  is,  when  produce*!  by  the  grindstone,  of  a  fiery  red. 
When  large  gnndBtone^  are  ueed,  the  rise  of  temperature  is  inconsider- 
able (7),  for  the  pieces  of  fluor-spar  which  fiy  ofiT  soon  cease  to  shine. 
(Heinrich.) 

Diamonds  which  do  not  become  luminous  by  ordinary  mbbing  emit 
light  when  strongly  rubbed  one  against  the  other,  by  which  small  fissures 
are  produced  with  in  tliciii.     (Dca^aigncs.) 

A  peculiar  smell  b  produced  when  many  J^ubstances,  luminous  as  well 
as  non-luminous,  arerubbeJ  together:  on  rubbing  together  pieces  of  quartz 
in  the  air,  a  black  fjowder  is  produced,  and  a  white  one  if  they  are  rubbed 
under  water.     (Dessaignes.) 

The  emission  of  light  also  takes  jJace  in  vacuo,  and  under  water,  pro- 
vided the  latter  dues  not  exert  a  solvent  action* 

The  light  h  white,  yellow^  red,  or  blue,  according  to  the  nature  of  the 
bodies:  its  duration  is  in  m*i!*t  causes  merely  momentary j  the  diamond, 
however,  shinea  for  a  minute  when  rubbed,  and  adularia  continues  lumi- 
nous for  some  time  and  througli  its  whole  mass,  when  flaws  have  lieen 
produced  in  it  by  pressure.  (Dessaignes,)  The  intensity  of  the  light  in 
any  particular  ijubs^tance  is  greater,  the  more  it  has  Ijceu  previoui^ly  heated, 
— provided  tlio  heat  has  not  been  rai:7ed  to  redness,  in  which  case  the  body 
exhibits  no  more  phosphorescence.  A  body  cooled  to  a  very  low  tempe- 
rature, exhibits  little  or  no  phosphorescence  when  pressed,     (Dessaignes.) 

The  fid  lowing  substances  become  luminous  when  rubbed  with  au  ordi- 
nary ciaill-fiather:  Apatite,  fluor-spar,  rock-crystal,  ijuartz,  agate,  chal- 
cedony, lapis-lftzuli  (these  five  only  when  newly  fractured),  siliceous  slate, 
felspar,  mica,  treraolite,  the  so-called  crystalline  sandstone  and  other 
varieties,  lithomarge  and  white  clay  (Heinrich);  Can  ton 'a  atitl  Hombcrg's 
phosphorus,  dolomite,  many  kindi^  of  blende,  corrosive  sublimate,  and 
loaf-sugar  (Dessaignes).  The  diamond  alone  shines  when  rubbed  with 
wool  or  with  a  brush,     (Dessaignes.) 

Sulphate  of  cinchoniu  shines  with  a  greenish  light  when  rubbed  in  a 
basin  at  lOO";  so  likewise  does  sulphate  of  quinin,  and  with  greater 
intensity;  both  substances  become,  at  the  same  time,  positively  electricah 
(Callaud,  Stratiugh.) 

All  precious  stones  (excepting  diamond),  marble,  many  kinds  of 
bloudoj  and  loaf-sugar,  become  luminous  when  struck  with  a  wooden  or 
steel  hammer.     (Dessaignet?) 

Fkmphoreacence  from  prcMure  on  pnlverited  bodies. — ^The  following 
substances  in  the  state  of  powiler  emit  light  when  struck  ou  the  anvil 
with  a  hammer,  or  pressed  in  the  fire-syringe.  Armgonite,  calcspar, 
marble  limestone,  chalk,  apatite,  alabaster,  fluor-spar,  amethystine  rock- 
crystal,  chalcedony,  felspar,  mica,  chlorit-schiefer,  tremolite,  and  (very 
faintly)  agalmatolito  and  steatite.     These  are  in  fact  the  bodies  which 
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sLine  when  beated,  and  tkc  heat  wLicli  the  presauro  produces  is  the  cause 
of  the  lyminodty.     (Hehirich.) 

When  heavy  ^par,  carhoimte  of  baryta,  carbenatc  of  strontifl,  lirae* 
stone,  chalk,  doloiiiitej  Crui ton's  sitid  Homberga  phosphorus,  »ud  magnesia 
are  heated  either  to  redness  or  to  wliitcnesii  and  struck  as  soon  b&  they 
have  cea^d  to  emit  light,  the  hiininosity  reappears  and  conthiues  for  a 
longer  time.  This  development  of  light  is  perhaps  of  a  different  kind. 
(Dessaignes,) 

LiquUh, 

Water,  aqueous  solution  of  potash,  acetic  acid,  alcohol,  ether,  volatile 
oils,  and  olive  oil  become  luminous  when  rapidly  compressed  in  a  glass 
fire-syringe.  (Dessai^es.)  The  same  result  is  obtained  with  tfaline  solu* 
tious.  (Heinrit'li.)  The  light  shows  itself  most  strongly  in  that  part  of 
the  liquid  whicdi  is  farthest  from  the  piston,  autl  quickly  disappears.  The 
eacperinient  may  he  several  timen  and  uninterruptedly  repeated  with  the 
same  water,  the  temperature  perhaps  rising  to  5  C.  (Heinrich.) 


Elasltc  Fluids. 

Air,  oxygon,  and  chlorine  are,  according  to  Saissy  and  Dessaiirnes, 
the  only  gases  which  emit  light  in  the  glass  fire-syringe ;  according 
to  Heinrich,  this  effect  is  also  produced  by  hydrogen,  nitrogen,  nitrous 
oxide,  and  carbonic  acid  gas.  (The  assertion  that  hj^drogeu  gives  the 
brightest  light  and  at  the  same  time  the  greatest  beat,  excites  a  suspicion 
that  the  gaa  u«ed  in  the  experiments  was  mixed  with  common  air.) 
The  luminous  appearance  is  produced  with  greater  certainty  when  to  the 
lower  surface  of  the  piston  there  is  attached  a  sponge  moistened  with 
water, — or  still  better  witli  solution  of  alum, — or  else  some  fine  threads  of 
glass  orasbestus, — on  account  of  the  action  of  the  points  {Sebweigger,  *Sckw^ 
40,  10).  Spongy  platinum  attached  to  the  piston  does  not  fiivonr  the 
production  of  light.  (Pfaft:  ScAw.  40,  ].)  Tiitnard  (Arui.  Chim,  Ph)/9, 
44,  181;  also  Poffg.  If),  442)  attributes  this  light  merely  to  the  com* 
bastion  of  the  leather  of  the  piston  and  the  grease  used  to  lubricate  it,  in 
the  compressed  gases,  inasmuch  as  this  appearance  haa  been  observed 
only  in  air,  oxygen,  and  chlorine.  When  the  piston  is  made  of  brass 
covered  witli  felt  and  lubricated  with  water,  no  light  is  seen,  unless  the 
felt  has  not  been  sufficiently  moistened ;  neither  is  there  ^x\y  luminous 
appearance  produced  when  the  tube  has  been  carefully  cleaned  from 
grease  with  caustic  potash.  Since  the  luminosity  of  gases  sht^ws  itself 
only  when  the  piston  fits  the  tube  very  closuly,  and  this  close  adaptation 
is  not  ea.^ily  attuined  by  the  use  of  water, — an<l  moreover,  since  some  of 
the  following  experiments  ap|>ear  to  confirm  the  fact  of  the  development 
of  light  by  the  com  precision  of  gases, — the  matter  muiit  for  the  present  be 
loi)ked  upon  as  undecided.  (Gm.) 

Detonating  bulbs  {i,  e,  glass  bulbs  hermetically  sealed  and  nearly 
empty  of  air)  when  thrown  on  the  ground,  exhibit  a  faint  white  light  in 
bursting,  (Helwig,  Gitk  .jI,  112.)—  Vapour-bulbs  (glass  bulbs  ^\^A  with 
alcohol,  and  burst  by  heating)  give  no  light.  {Heinrich.) 

AirfHiinp-lighL  A  glass  cylinder  bound  over  with  a  strong  bladder 
and  exhausted  of  air  appears,  when  the  bladder  breaks  by  the  pressure  of 
the  external  air,  to  be  tilled  with  a  white  light  which  is  brighter  in  pro- 
portion as  the  cylinder  was  more  completely  exhausted  of  air.  (Dessaignes, 
GUb,  41),  310;    Heinrich.)     This    light  is    undoubtedly  caused   by  the 
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proware  exerted  on  the  exceedingly  r&reBed  air  of  tbe  cjlinder  and  the 
portion  wbicb  first  enters  hy  iLat  which  rapidly  followa  it,  Deparcieux 
observed  light  on  the  burgtiug  of  a  glass  bulb  closed  and  full  of  air  under 
an  exhausted  receiver. 

A  irf/tin-lighf.  When  an  airgon  is  discharged^  light  is  Bometimet  «een 
at  the  mouth  of  the  barrel ;  according  to  Leyser  {Giib.  8,  340),  only  when 
tbe  barrel  is  of  iron,  not  when  it  is  lined  with  braes.  According  to 
Heinriciij  tbe  gun  must  be  fully  charged,  and  even  then  only  the  first  two 
or  three  discharges  are  accompanied  by  light,  whether  the  gun  be  loaded 
with  ball  or  not.  The  light  ia  also  apparent  when  the  barrel  is  lined 
with  lead,  and  most  clearly  when  it  is  made  of  glaiss;  it  U  not  produced 
when  the  barrel  is  very  wide,  unlesa  it  be  partly  divided  by  a  cleft  ramrod. 
Leyaer  and  more  particularly  Hart  (Qu.  J,  ofSc.  15,  64),  assert  that  light 
ii  not  produced  unless  the  barrel  contains  dust,  or  powdered  fluor-«par  or 
sugar  is  put  into  it;  this  would  show  that  the  light  is  produced  by 
friction.  According  to  Schweigger  {Schw,  40,  22),  the  development  of 
light  is  favoured  by  holding  a  crust  of  quartz-orystals  or  a  coil  of  wire 
before  the  mouth  of  the  barrel. 

Light  13  seen  in  the  sudden  decomposition  of  peroxide  of  hydrogen, 
Iodide  of  nitrogen,  chloride  of  nitrogen,  and  oxide  of  chlorine;  in  the^e 
decompositions^  gases  are  suddenly  set  free  which  probably  produce  light 
by  pressing  on  the  surrounding  air  or  the  uudecomposcd  portion  of  the 
gBMOUi  compound. 


d.  ZumtnouM  appearances  accompanying  Crytt^Uisaium, 


Many  salts  in  crystal! ixing  from  their  aqueous  solnttons*  and  bensoto 
aeid  in  passing  from  the  state  of  vapour  into  the  crystalline  eondition, 
often  exhibit  a  brilliant,  sparkling  lights — whilst  in  other  instancesi,  the 
same  substances,  under  ci re uni stances  precisely  similar,  present  no  appear* 
ance  of  the  kind.  This  phenomenon  probably  depends  in  everj  case  on 
the  passage  of  the  body  from  the  amorphous  to  the  crystalline  state,  and 
11  precisely  analogous  to  the  luminous  ajipearance  which  accompanies  the 
crystal  I iaat ion  of  arse n ions  acid  (p.  105),  and  the  phosphorescence  of  other 
amorphous  bodies  when  heated  (p.  106). 

Pick  el  observed  spiarkling  appearanees  in  all  jmrts  of  a  vessel  in 
which  sulpliate  of  potash  was  crystallizing;  this  continued  for  an  hour, 
Schonwald  saw  sparks  emitted  during  the  evaporation  and  cryataUi nation 
of  a  solution  of  I  part  of  common  salt  and  2  parts  of  sulphate  of  potaah^ 
and  fonnd  that  the  resulting  crystals  were  luminous  when  rubbed.-^ 
Schiller  di&Bolved  in  hot  water  a  mixture  of  sulphate  of  potash,  cream  of 
tartar,  and  a  small  quantity  of  common  salt  which  bad  been  fused  at  a 
high  temperature,  and  filtered  the  solution;  during  the  crystal lizatioQ 
flashes  of  light  continued  to  dart  through  the  liquid  for  several  houre, 
and  the  crystals  still  shone  when  they  were  removed  with  a  spatula 
several  days  after.  According  to  Giobert,  sulphate  of  potash  does  not 
emit  light  in  crystal lizing*  when  it  contains  snlphate  of  magnesia  mixed 
with  it ;  the  light  is  first  seen  when  the  liquid  becomes  modei-ately  con- 
centrated and  begins  to  crystallijto  bycfloling;  during  slow  evaporation 
no  light  is  emitted.  The  larger  the  t«urface  of  tbe  vessel,  the  brighter  la 
the  light;  it  seems  also  to  be  strengthened  by  previous  exposure  of  the 
liquid  to  the  sun.  The  crystals  shine  with  the  greatest  brightness  after 
the  liquid  has  been  poure*!  off;  but  they  ceai?e  to  ehinc  when  dried  upon 
blotting-paper.— Crystals  which  had  separated  from  a  solution  of  sulphate 
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of  cobalt  and  potti^li  at  —  12^  C.  emitted  sparks  for  half  liii  hoar  after  the 
Uqtiitl  had  been  poured  ofi'.  {Hemiiann.)— A  solution  of  several  pounds 
of  «alphate  of  potassh  crjatalliziiigat  +  20'  C.  emitted  light  for  two  hours; 
pieces  of  the  cryBtallino  crust  even  conttutied  to  shine  when  taken  iuto 
the  hand  and  tlicir  light  grew  stronger  when  they  were  rubbed.  When  a 
glass  rod  was  moved  over  the  crystalline  erutit  at  the  bottom  of  the  liquid, 
its  track  was  marked  by  a  luminous  line.  When  the  same  saline  mass 
was  rcnliggolved  by  heating  the  supernatant  liquid  and  again  crystallissed 
by  cooling,  it  was  no  longer  phosphorescent.  (Bcrzeliu8  and  Wbhler.) 
On  evaporating  a  solution  of  bieulphate  of  potaeh  in  a  porcelain  baain, 
the  crystaU  of  neutral  sulphate  of  potash  which  formed,  emitted  a  strong 
light  for  half  an  hour  and  continued  to  shine  even  when  taken  out  of  the 
lif|nid;  the  latter  also  exhibited  a  sparkling  light,  especially  when  stirred* 
(Pleischh) — A  solution  of  acid  Bulphate  of  potash^  neutralized  with  car- 
bonate of  pntaiih^  filtered^  evaporated  to  the  crystallizing  point  and  divided 
among  a  number  of  wooden  and  stone-ware  cryKtatli zing  vessels,  exhibited 
towards  evening  on  the  surfaces  of  all  the  yessels  a  succession  of  sparks, 
the  emission  of  which  continued  with  a  peculiar  noise  for  several  hourfl, 
but  ceased  when  the  liquid  hail  become  quite  cold;  the  mother  liquid 
exhibited  no  more  light  when  further  evaporated.  (Sager,  Br,  Arch,  36, 
274.) 

Crystallized  neutral  sulphate  of  potash  dissolved  in  water  and  brought 
to  the  crystallizing  point  by  evaporation  never  emits  light:  neither  does 
fused  sulphate  of  potash  similarly  treated, — for  in  cooling  from  a  stale  of 
fusion  it  acquires  a  crystalline  structure.  But  Bulphate  of  potash  fused 
with  sulphate  of  sotla  in  the  proportion  of  equal  atoms  (in  the  proportion 
of  11  parts  :  S*  parts)  yields^  on  cooling,  an  amorphous,  fissured,  crumbling 
maas  of  vitreous  fracture,  a  saturated  solution  of  which  in  boiling  water 
prepared  immediately  after  cooling,  then  filtered  hot  and  slowly  cooled, 
emit*  light.  The  formation  of  every  crystal  is  accompanied  by  a  bright 
apark.  For  the  first  few  hours,  the  cryatala  cxmtinue  to  abine  when  taken 
out  of  the  liquid  and  rubbed,  but  not  so  itrongly  as  during  their  forma- 
tion. They  have  the  form  of  sulphate  of  potaeh,  but  contain  about  one 
atom  of  dry  sulphate  of  soda  mixed  with  every  3  atoms  of  sulphate  of 
potash.  When  redtssolved  in  water,  they  emtt  no  light  on  crystallizing^ 
If  the  mass  is  dissolved  in  water  not  quite  boiling,  and  the  solution  slowly 
evaporated  to  drjrness,  no  light  is  emitted,  and  the  two  salts  crystallize 
separately.  If  the  melted  mass  is  exposed  to  the  air  for  24  hours  before 
it  is  dissolved  in  water,  bat  few  luminous  crystals  are  seen;  and  if  it  has 
been  left  undissolved  for  several  days,  in  which  case  it  appears  to  become 
crystalline  and  separate  into  its  two  component  salts,  none  at  all.  A 
fused  mixture  of  3  atoms  of  sulphate  of  potash  and  2  atoms  of  sulphate 
of  soda  siniifarly  treated  yields  less  light.  When  crystallised  sulphate  of 
potash  and  crystal Itzed  sulphate  of  soda  are  boiled  together  in  water,  a 
very  faint  light  is  sometimes  observed  during  the  subsequent  crystalliza- 
tion :  a  portion  of  amorphous  double  salt  appears  therefore  to  be  pro- 
Lduoed  by  the  boiling, — A  surer  method  of  producing  light,  and  of  con* 
^•iderable  brilliancy,  is  to  fuse  together  2  parts  of  sulphate  of  fK)ta>4b  with 
1  part  of  common  salt,  and  treat  the  fused  mass  as  above.  The  crystals 
obtained  are  the  above- mentioned  compound  of  sulphate  of  potaab  and 
r  Bulphate  of  soda,  free  from  common  salt*  A  strong  light  is  also  obtained 
[by  treating  in  a  similar  manner  a  mixture  of  8  parts  of  sulphate  of 
[potash  with  3  parts  of  dry  carbonate  of  soda.     (If  the  fused  mass  be 
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extracted  with  a  luixtare  of  alcoliol  and  aoetio  acid  in  order  to  remove 
carbonate  of  potash,  the  double  sulphate  of  potasili  aud  soda  remains  in 
the  crystalline  state,  and  therefore  emits  no  light  when  dissolved  and 
cryetallized,)  Chloride  of  potassium  fused  with  sulphate  of  i^oda  likewise 
exhibits  the  luniioons  appearance.  A  bright  light  is  also  emitted  by 
neutral  chromate  of  potash  fusetl  with  sulphate  of  soda,  whereby  crystals 
are  formed,  consisting  mainly  of  the  double  sulphate  of  potash  aud  soda 
'With  only  3  j^er  cent,  of  chromic  acid  :  moreover,  by  2  parts  of  bichro- 
mate of  potash  fused  with  I  part  of  dry  carbonate  of  soda»— in  which  case 
cryetalH  are  produced  having  the  form  of  sulphate  of  potash  and  contain- 
ing 3  atoms  of  chroinaie  of  potash  combined  with  1  atom  of  chromate  of 
eooa;  and  finally  by  a  mixture  of  1  atom  of  seleniatc  of  potash  with  1 
atom  of  sulphate  of  soda,  which  produces  crystals  having  also  the  form 
of  sulphate  of  potash,  and  containing  only  .>  per  cent,  of  selenic  acid, 
together  w^ith  potai^liT  soda^  and  sulphuric  acid,     (H.  Rose,) 

A  saturated  solution  of  fluoride  of  sodium  very  slowly  evajKirated 
emitted  a  great  number  of  bright  sparks  of  a  pale  yellow  colour,  which 
proceeded  sometimes  from  one  sometimes  from  another  part  of  tlie 
crystals  as  tliey  fonned,  increased  when  the  liquid  was  disturlied,  and  did 
not  cease  till  it  was  completely  cvaporate<l.  On  repeating  the  experi- 
ment with  the  same  salt  and  the  same  vessel,  nothing  further  wns  seen 
(Berzelius). — Likewise  observed  by  11.  Rose.     {Pogg.  52,  o89.) 

A  solution  of  nitrate  of  atrontta,  w^hich  had  been  for  a  long  time 
exposed  to  air  and  light,  emitted  many  sparks  when  evaporated  and 
crystallized  in  a  stoneware  vessel;  these  sparks  showed  themselves  par- 
ticulai-ly  when  the  crystals  were  touched  with  a  glass  rod  or  metallic 
wire,  and  also  wlien  the  vessel  waa  shaken.  On  redissolving  and  recrys- 
tall i zing  the  salt,  this  appearanc©  wa«  not  reproduced,  though  the  mode 
of  experimenting  was  varied  in  every  possible  way,  (PfafT.)  Likewise 
observed  by  Stiebcn.     {Phavm,  Ctntral  Bl.  183(5,  400.) 

A  solution  of  8  parts  of  acetate  of  potjish  evaporated  till  it  ceased  to 
swell  up,  and  fell  to  pieces,  shone  brightly,  when  left  over  the  fire,  as  if 
it  were  red  hot.     (BUchuer.)     (Slow  combustion  it) 

On  subliming  benzoic  acid  with  ^  of  its  weight  of  charcoal  powder  on 
a  plate  covered  with  a  glass  receiver  and  strongly  heated^  Bucbuer  ob- 
served numberless  sparks  moving  up  and  down  as  long  as  the  sublimation 
continued. 

AdiUiidum  to  the  remarks  on  the  incand€8cence  of  hodUs  (p.  107): 
A  body  does  not  always  increase  in  density  by  incandescence.  Urano- 
tantalite,  which  exhibits  vivid  incandescence,  has  a  sp.  gr.  of  5  5 17 
before  incandescence  and  ^485  after* — Incnndescence  takes  place  without 
perceptible  development  of  heat:  at  all  events,  no  rise  of  temperature 
can  be  perceived  in  the  case  of  oxide  of  chromium,  in  which  the  incan* 
descence  is  very  bright.  (The  development  of  light  oljserved  in  the 
crystaLliKation  of  arscnious  acid  from  its  solution  in  hydrochloric  acid 
is  likewise  unattended  with  disengagement  of  heat.)  Whilst  according 
to  this,  many  bodies  in  passing  from  the  amorphous  to  the  crystalline 
state  merely  develop  light,  others  on  the  contrary  develop  heat,  e,  g* 
grape-sugar  (p.  3  06),      H,  Rose,  Po^g,  52,  589.) 
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Heat  or  Calorie  la  tii»i  i^bitaice  wBofe  entrance  into  our  Hodiea  ta 
•upf^ose^l  to  oos^ioa  the  mmm&m  of  warmtli  or  hes^t,  &tid  its  egress  the 

Mtnaalion  <>f  cold.  jm 

PkyticcU  Propeiius. 

1.  It  is  invisible. 

2.  Without  weight. — Oil  of_Titriol  and  water  have  the  same  weight 
hefore  mixture  and  cooling  as  afterwards.  The  weighing  of  cold  and 
heated  balls  in  the  air  proves  nothing. 

3.  It  is  very  elastic,  and  shows  great  tendency  to  expand. — Two  easily 
moveable  bodies,  heated  in  vacuo,  repel  one  another, — a  proof  that  heat  is 
in  its  own  nature  repulsive.  (Ftesnel,  Ann,  Chim.  Phys.  29,  57,  and  107; 
also  Pogg,  4,  355.)— The  coloured  rings  formed  between  a  lens  and  a  flat 
plate  of  glass  vary  in  tint  when  heated,  in  such  a  manner  as  to  show  an 
increase  of  distance  between  the  lens  and  plate.  (Baden  Powell.) — The 
fine  soft  powder  of  silica  separated  by  acids  from  solutions  of  that  sub- 
stance, or  magnesia  in  a  similar  condition  heated  to  redness  in  a  platinum 
dish  over  a  spirit  lamp,  appears  to  swim  in  the  dish,  becomes  very  mobile, 
and  places  itself  horizontally  when  the  dish  is  turned  on  one  side — an  efiect 
which  proceeds  from  the  repulsive  force  of  heat  (or  from  the  escape  of 
heated  air.*  Gm.?)     (Addams,  Phil,  Mag.  J,  18,  415.) 

4.  Through  a  vacuum,  through  elastic  fluids,  and  through  many  liqnid 
and  solid  bodies,  it  spreads  itself  out  from  its  origin  in  straight  lines,  as 
Radiant  HecU,  with  a  great  and  hitherto  unmeasured  velocity.     Its  in- 

♦  Thin  semifluid  state  of  a  pulverulent  substance  is  well  seen  when  bicarbonate  of 
loda  is  heated  in  a  large  crucible  for  the  purpose  of  converting  it  into  carbonate;  also 
in  the  conversion  of  oxalate  of  cerium  into  the  peroxide  of  that  metal  by  ignition.  In 
these  cases  the  effect  is  evidently  due  to  the  escape  of  heated  gases :  the  fine  particles  of 
the  powder  float  in  the  atmosphere  formed  around  them  by  the  gases  before  they  finally 
escape.     [W.] 
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tensity  varies  inversely  as  tlio  square  of  the  distance  from  the  radiant 
point. ^—Hftys  of  heat  nrayj  like  rays  of  liglit,  he  concentrated  hy  metallic 
mirrors,  but  not  by  glass  mirrora  or  lei^ises,  by  which  they  are  almost 
wholly  absorbed.  If  two  concave  mc*tallic  mirrors  be  placed  opposite  one 
another  at  a  di. stance  of  ?7  feet,  and  a  hot  body  placed  in  the  foeuis  of  ono 
of  them,  a  thermometer  in  the  focna  of  the  other  rises  immediately;  tinder 
is  also  set  on  Hri'.  Ice  pia^^ed  in  the  focus  of  one  of  the  mirrors  produces 
instant  cooling  in  the  focns  of  the  other;  a  thermometer  suspended  mid- 
way between  the  two  mirrors  is  not  sensibly  affected,  (Pictet,  C/i/5.  13, 
120,) 

A  b(jdy  placed  in  vac  no  or  in  the  air,  and  differing  in  temperature 
from  tht^  surronndinijf  medium,  nidiHtei*  it-n  exce.s.s  of  heat  or  abeorbw  the 
quantity  in  which  it  in  deficient,  wit!i  various  degrees  of  facility  according 
to  the  nature  of  its  surface;  it  has  therefore  a  f  pec  I  tie  luitiinlivfj  and  Ab^ 
sorhing  pow^r^  to  which  are  opposed  the  Retaining  anil  Iirffevthif/  powers^ 
' — 80  that  the  latter  increiise  in  the  same  ratio  aa  the  fornuM'  diminish, 
an<l  conversely.  If  the  radiating-  power  of  a  snrface  c<»vered  with  lamfj- 
blaek  be  assmned  =  100,  that  of  a  surface  covered  with  reHin  will  be  9b% 
with  sealing'-wax  95,  witli  crown-gla!*s  flO,  with  Indian  ink  88,  with  ice 
85 f  with  isinjG^lass  and  red  lead  80,  with  jL,fmphite  ?5,  with  |'( dished  lead 
19,  with  polished  iron  15,  willi  [ndi^^hed  tin^  copper,  and^'irhl  12.  (Leslie.) 
— Black  wool  has  greater  radiating  and  abaorbini^^  power  than  green  j 
then  follows  red,  then  yellow,  then  white,  (Stark,  iV.  EiihdK  PhiL  J.  17, 
75);  on  the  contrary  :  (Baden  Powell,  ih.  17,  228,) — Honghncos  of  sur- 
face does  not  increa.'^e  or  diminish  the  radiating  and  absorbing  power;  m 
the  caito  of  rulleil  or  hammered  metals?,  it  ij*  incrca-^ed  by  .scratching^  the 
surface,  because  the  denser  surface  is  thereby  removed;  but  with  cast 
plates  it  is  diminished  by  the  same  treatment,  because  the  pressure  caused 
by  scratching  increases  the  tlensity  in  particular  iilaccs.  (Melloni.) 

It  b  commonly  supposed  that  a  body  idaced  lu  tlie  air  or  in  an  empty 
0{>ace  is  constantly  radiating  a  portion  of  its  heat,  whatever  may  be  the 
temperature  of  the  surrounding  hoflies;  but  since  these  bodies  radiate  heat 
in  the  same  manner,  the  first -mentioned  body  receives  heat  frona  them  at 
the  same  time  that  it  gives  out  heat  to  them.  If  the  surrounding  bodies 
have  the  same  temperature  with  l!ie  first,  the  qnaotities  of  heat  omitted 
and  absoibed  will  bo  cfpial,  and  the  tcin|>erature  of  the  first  body  will 
remain  the  same;  if  the  surrounding  bodies  are  colder,  it  will  radiato 
more  than  it  receives  and  will  cool  down;  if  they  are  hotter,  its  tempera* 
tare  will  rise. — It  is,  however,  superfluous  to  suppose  such  an  intt^rchange 
of  heat  to  take  place.  For  when  t^vo  hixlies  separated  by  air  or  an  empty 
space  are  equally  hot,  the  elasticity  of  the  heat  is  the  same  in  both,  each 
will  hold  the  other  in  check,  and  the  beat  in  both  bodies  will  remain  at 
perfect  rest:  when,  on  the  contrary,  one  body  is  colder  than  the  other, 
the  tension  of  the  heat  in  the  former  will  lie  less  than  in  the  latter;  and  in 
consequence  of  this  diflerencc  of  tension,  a  quantity  of  beat  wil!  radiato 
from  tlie  hotter  to  the  colder  body  until  the  equilibrium  is  established. 

Difference  of  refrangibility  exists  among  calorific  aJ3  well  as  among 
luminous  rays ;  the  hotter  the  source  of  heat  (<*.  iJ.  the  sun,  an  Argand 
lamp,  white-hot  platinum),  the  greater  is  the  number  of  the  more  refmngiblo 
mys  emitteil  from  it;  the  lower  the  tempemture  of  the  source  {f^g*  metjil 
heated  but  not  to  redness,  vessels  filled  with  boiling  water)»  the  greater 
is  the  number  of  the  less  refrangible  rays  which  it  emits.  Every  source  of 
heat,  bowevor,  sends  forth  a  mixtuTG  of  calorific  rays  of  the  moat  rartoua 
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__^ of  refrangibility^  the  proportion  only  varyiiig  according  to  th© 

mature  of  tlio  jjourco.  For  tbo-^e  Uiiferont  rays  of  heat  bodies  exhibit  dif- 
ferent iibsorbitig  powers.  Snow,  wbose  whitenesa  shows  tluit  it  rodecis 
the  variouiily  refratijLrible  rays  of  li;L,'ht  in  equal  proportion,  absorbs  chiedy 
the  kaa  refraugible  rays  of  heat  and  reflecU  the  more  refrangible.  Hence 
it  does  not  melt  so  qtiickly  in  direct  sunshine  as  in  the  neighbourhood  of 
steins  of  trees  and  other  solid  bodies,  which,  when  warmed  by  the  sun's 
rays  emit  calorific  rays  of  lees  refrangibility^ — ^not  m  quickly  wLen  freely 
exposed  to  an  Argand  lamp,  as  under  a  covering  of  black  paper  which 
doeis  not  touch  the  aoow;  not  so  quickly  by  the  rays  of  an  Argand  lamp 
as  by  those  from  a  piece  of  metal  beatecl  to*  400°,  when  both  are  placed  at 
sueb  a  distance  that  their  heating  jiowers  are  equal,  &c,  (Melloni,)  This 
seems  to  show  that  tbe  more  refrangible  rays  of  heat,  when  they  are 
absorbed  by  bodies  and  afterwards  emitted  from  them,  are  converte*!  into 
rays  of  less  refrangibility,  Lam|>-black,  on  the  other  baud,  appears 
chiefly  to  abftforb  the  more  rcfraugible  rays. 

A  body  cools  in  vacuo  tho  more  quickly:  L  tbe  greater  the  radiating 
power  of  it«  surface;  2.  the  greater  the  extent  of  it.^  surface;  3.  tho 
smaller  its  nL%ss  ;  4.  the  less  \U  specific  heat;  5.  tbe  higher  the  absolute 
temfK*rfitures  of  the  body  and  the  surrounding  bodies  ami  medium-,  with 
etjuivl  difTerenee  of  temperature  (tbuH  a  thermometer  heated  to  100''  cools 
le*^  quickly  in  an  empty  space  at  tbe  temperature  of  0^  than  it  would  if 
heated  to  1*8 iJ'  and  placed  in  an  empty  sp:ice  of  the  temperature  of  HO"). 
— 'Dulong  and  Petit. 

Dufay^  Maycock,  and  Prevost  discovered,  some  years  ago,  that  of  tho 
rays  of  beat  wliicb  fall  upon  a  thin  plate  of  glas.s  a  small  portion  are 
transmitted;  Dclaroehe  also  showed  that  the  number  of  rays  trtmsmitted 
increases  as  the  temperature  of  the  source  of  beat  approaches  to  tlmX  of 
ignition,  and  that  rays  whicli  have  passed  tlirough  one  plate  of  glass 
suffer  much  less  diminution  by  transmission  through  a  second;  Brand© 
likewise  saw  {Ann.  C/tim.  Fht/d,  19,  201)  a  thermometer  placed  in  tho 
focus  of  a  plano-convex  lens  held  towards  the  flame  of  buriiing  olefiaat 
gas  rise  about  2  5*^  C,  whilst  the  lens  was  not  sensibly  heated.  To  these 
©beer  vat  ions  have  since  been  added  tho  following  important  discoveries  of 
Melloui,  who,  in  his  experiments  made  use  of  the  thcrmo-multiplier,  an 
instrumeut  dcpiendi  ng  upon  thermo-electric  action  and  higlily  sensible 
even  to  the  smallest  variations  of  temperature.  All  transparent  sub- 
Btaooes,  even  those  which  are  so  dark-coloured  as  to  appear  almost 
opaque^  like  black  glass,  crude  pyrol igneous  acid,  and  balsam  of  Peru, 
allow  rays  of  beat  to  pass  through  them,  though  in  diflerent  i| nan ti ties 
and  of  difforeut  qualities:  with  rtdercnce  to  this  property  such  bodies  are 
said  to  be  dktthtrnymous.  Common  salt  transmits  all  rays  of  heat  equally 
well;  most  diitthermanous  bodies  chiefly  transmit  t!io  more  refrangible 
and  absorb  the  les^  refrangible  rays  (common  salt  covered  with  lamp- 
black is  the  only  aubetauoe  chiefly  pervious  to  tbe  less  refrangible  rays). 
Of  100  rays  of  heat  proceeding  from  an  Argand  lamp  and  falling  on 
|ilates  of  the  following  suhstaooes,  0  002  metre  in  thickness,  the  quanti- 
ties transmitted  are  w&  follower  Transparent  rock-salt  92*3,  flint-glass 
67,  sulphnret  of  carbon  and  proto-chloride  of  sulphur  63,  double  refract- 
ing spar  and  rock  crystal  QH,  smoky  topa?,  57,  Brazilian  topaj^  54,  trans- 
parent ]ei¥J-spar  52,  crown-^lass  49,  whito  chalcedony  33,  translucent 
heavy  spar  33,  oil  of  turponttne  31,  fat  oil  30,  transparent  aqua-marine 
29,  translucent  borax  2%  green  BrazUian  tourmalin  27^  brown  balsam  of 
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copaiba  26,  tranal«oent  adukria  24,  ether  21,  transparent  gypsum  20, 
oil  of  vitriol  17,  nitric  acid,  alcohol  and  citric  ^cid  13^  transparent  alum 
12,  water  IL  The  non-transmitted  portion  of  the  cahjrilic  rays  is  partly 
reflected,  partly  absorbed.  With  rock-salt  reflection  ak»ne  takes  place;  for 
a  plate  of  this  aiib8tance,  0  0 4 8  metre  thick,  tran^jmitti  a$i  many  rays  aa  one 
which  is  0'(J02  metre  in  thickness, — whilst  two  thin  phitesof  rock-salt  lahl 
one  upon  the  other  transmit  less  light  ou  account  of  the  doulile  reflection, 
Hence»  oi  100  rnjB  of  heat  falling  perpendicularly  upon  rock-salt,  92*3  aro 
trandniitted  and  7' 7  reflected:  when  the  incidence  i^  oblique,  the  quantity 
reflected  is  somewhat  greater.  With  other  diathermanons  bodies  also  the 
quantity  of  heat  reflected  amounts  to  7  7  per  cent,  {atherinanous  bodies 
reflect  a  great  deal  more.  c.  ^,,  brass  113  times  as  much).  But  theso 
diatbernianoua  bodies  likewise  absorb  various  quantities  of  the  less  refran- 
gible beat-rays  which  fall  upon  them,  the  quantity  abBorhcd  being  in- 
creasing^ with  the  thickness  of  their  mass.  Double  refracting  spar  0*002 
met,  thick  transmits  G2  per  cent  of  heat,  and  at  the  thickness  of  0002m. 
only  53  p.  c;  plate-glasss  of  the  thickness  of  0'002m.  transmits  (5 ID 
p.  c;  of  0  004ni.  57*6,  and  of  0  008m,  55  $  p.  c. — By  means  of  a  h?na 
of  rock-salt  J  rays  of  heat  may  be  brought  to  a  focus,— or  if  they  proceed 
from  the  focus  they  may  he  refracted  in  parallel  lines  just  as  well  as  rays 
of  light  by  a  gla^ss  lens:  the  focal  diKtanoo  for  heat  however  is  somewhat 
greater  than  that  for  light,  because  the  calorific  rays  are  less  strongly  re- 
fructed.  Rock-salt  transmitn  rays  of  heat  of  all  degrees  of  refmngibility, 
just  as  white  glass  transmits  all  the  luminous  rays.  But  most  other  dia- 
thermanous  bodies  give  pa^^snge  cbtefly  to  the  more  refrangible  rays  of 
hcatj  as  violet  glass  transmits  the  more  refrangible  rays  of  light.  Rock- 
Bait  blackened  with  lamp-black,  which  transmits  in  preference  the  less 
refrangible  rays,  is  to  a  certain  extent  analogous  to  reil  glass  in  relation 
to  light.  Glass  coloured  bluish  green  with  oxide  of  copper  appears  like- 
wise to  absorb  the  more  refrangible  rays  of  heat.  When  the  light  r>f  the 
sun  is  made  to  pa.sSj  first  through  water  which  absorbs  the  les^s  refrangible, 
then  through  glass  coloured  with  oxide  of  copper  which  takes  up  the 
more  refrangible  raya  of  heat,  it  is  totally  deprived  of  its  heating  power. 
(Melloni) 

When  the  light  of  the  sun  is  transmitted  through  a  prism  of  crown- 
glass  which  throws  the  maximum  of  heal  into  the  red,  and  the  dark  part 
of  the  heat-ffpectrum  situated  beyond  the  red  is  divided  into  six  zones,  the 
outermost  of  which  shows  the  same  tcmijcrature  as  the  violet,  the  next 
the  (#ame  as  the  indigo,  &c  ,  it  is  found  on  interposing  a  Him  of  water, 
O'OOl  metro  in  thickness  (or  a  plate  of  gypsum  or  alum,- — glass  acts  less 
strongly),  between  tlie  prism  and  the  qiectriini,  that  the  heating  power 
diminishes  more  and  more  as  the  di^jtance  from  the  violet  increases. 
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Without  the  film  of  wmter  2*   5"      9'    12'   25*   29'    32"^    20*^   25"    12*   r    b°     2" 


With  the  film  of  water. »    2     4-5    8      10      20     21      20 


3     1      0-6    0 


Water  in  fact  absorbs  the  calorific  rays  the  more  completely,  the  lesa  re- 
frangible they  are,  whilst  it  tranF«mits  completely  the  most  refrangible  rays 
at  the  violetextremity.  When  the  tihn  of  water  is  0'3  metre  thick,  tJie 
maximum  of  heat  is  found  at  the  commencement  of  the  green,  and  the  heat 
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l^*.*!  l«  ttmrn*  i«  4yrift  fmmJ^m^lam  miMifai  to  flw  nture  «f 

lrivN*f««ji«  (ft,  ti'1^)i  vtiiUt  it  nine  t^ las i^^^iy^  imji^  tine  i»ore 
foiMly  J'j4i«  ili«<  inmmiiiiiioi  «f  beat  ta  ll»  niiittraw  iNmeJ  I*!- a  piimi 
uuvU*  ii(  ttiAt  tulMliiioe  mfmtmA  le  iW  riilct|  wlieooe,  ^axfttdiiig  to 
h»M<Ufiik,  n  |ffiiirn  of  fra(«r^&e«i  it  m  tlse  ]r«IJ«Wy  of  oLt  of  vildol  in  tbe 
4HfM^^rti,  Iff  I  r^ivrii-jfliuii  in  tlie  itK^  nf  0int-gbM  b^und  die  r«>d;  and 
wiHi  It  itrhni  (if  ro^k  mltf  whicli  ecnnplrtdj  tf^iumits  eren  the  lesi^t  re^ 
htii,  ilihi  tiiyn,  l|j/t  iriiiK  fill  lira  of  lic&t  1^  &it«ftl«df  aiooording  to  Melloni,  tn 
ih«  IimI^  ■j^'H",  iM»iI  tu  far  retitcivcd  frotn  tlie  red  ns  the  red  ifceelf  it  from 
Itttf  vifilrl,  Witli  MOiiui  gloAM  jiriivmN^  the  mmsimtim  oi  heat  &[»|iK»dia« 
iitHii^  iu«nily  ill  t\w  vi(ilt4|  ill  Tini|i<jrtmii  a«  the  ray  of  sokr  Hghl  j 
,'tl*M^kt*r   itiirt  *4  ti>«   i^fMiu, — because,  in  tliis  longer  |« 


HllTMMpVh 


longer  ^mse^e 


i\%%MikgU  tlt*^  *{(»*■**  **  ^re^filor  miniWr  of  the  hm  refrangible  heat-ravsare 

H  ll<hl  iMul  Ivrul  urr  rrgimli>il  a»  irlentical  in  etibsl^nce,  it  inny  be 
•ap|Hi**Hl  lh\\  IK«»  rtiy«  of  bejut  »^n»roivcb  more  nearly  to  those  of  Hgbt  in 
|^^t|Mr'  ^  '  iKr^ir  inotM^n  h  muro  ri^pid  (wliieh  also  impnee  iocreaj^d 
livfhi^  TIm*  bother  thr*  mnrvfy  of  Ueiit,  the  greater  is  the  noiiibcr 

1^  Mi>^  «^<^^*^'  vifiiily  inovbg  flnJoriJk  rays  eiiiitied  from  it;  and  these  peiss 
WUk*u**  iv*\»*l*b»  rth».^»qillo!i  llirougli  gla!*^?  and  other  diathemianotts  hodi&Sj 
VhU^I  iWi^  iil*v'  ibrtMijtfh  »ovorrtl,  wliilsi  the  more  slowly  moTing  hfmUmys 

^  '\%tt  niil^tHtt  »*f  fittdhnt  Ileal  htw  lately  been  farther  investigated 

(ly   hHiiblminh,     {l\fij,   70,  205  ami  mi\    71,    1:    abslr.   Ann.   Chan 


'I  ho  principal  results  obtained  by  this  philosopher  ar^ 


f^iu^M,  mi) 

^i  (\tlhiWi 

|.  Vhp  uuiihfitf/  o/  radiant  heat  transmitted  through  diathermanous 
fn^^fw*  M  IM*^  (M  ftiniior  oxporiinonts  seemed  to  show)  directly  proportional 
l\k^p  hm^^PMhtr0  o/  th^  $oni^e,  but  depends  only  on  the  constitution  of  the 
♦^♦»*Mf^<'**#»H#«MM  fuidf/.-^rarli  body  being  permeated  by  certain  calorific  rays 
lM4H«f«  muhlf^  tfiiin  by  others,  whether  those  rays  a7'e  emitted  at  a  higher  or 
HJf  f#  A«M'fr  hmfifVtituvt', — Thus  when  rays  of  heat  from  incandescent  pla- 
^ImMIMi  H»«»  Hhimh  ill'  uhMdiol,  of  an  argand  lamp,  and  of  hydrogen  gas, 
y^\\\W  Mm»h»  (n  IIH4H  (hnmgh  (MdourU\*»s  glass  and  alum,  and  then  to  fall  on 


^  iMMMiin  miilll|ilitir,  iho  djjitanoo  of  which  was  so  adjusted  as  always  to 

(|iVv^  M  »l»'(h't«liMH  of  Utr  by  dirtvt  radiation  when  the  diathermanous  bodies 
\^\\\  ♦♦'MiMW'il,     (hi>  following  ivsulU  wore  obtained: 


li>4|)4>0«  0(     ||l«U, 


Utuliniion. 

Colourless  glass 
1-3"- thick. 

Alum 
l-4""»  thick. 

2if 

12° 
11 
15 
12 

8-25° 
7aO 
10-50 
7-75 

M{M  tit  mIihIhU,,  I ,  II  Ik  «t  ,,  ,, 

m\  hHtji  .'  ^ M  *. 

^n  UN i<  o»t., 


l^iMilhnhndml  (nhMuioa  (Kofi-tntd  Wiignrsia-glimmer),  the  heat 
\^\m  Ml  Im  ili\*L^  u  \\\\tiHi\*  |i\Ks  oiKsily  than  that  from  either  of  the 


lU    *\\^%>\\\\\%^\U  made  with  a  cubical  vesael  con- 
llh  a  cyliiidor  of  un  tin  nod  iron  heated  over  an 
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Argand  lamp,  and  a  spiral  of  platinum  wire  heated  to  A^arious  degi'ees  of 
iucandt'scetjce,  it  \vm  likewise  found  that  when  the  heat  emitted  from 
one  and  the  mme  body  at  various  temperutures  is  made  to  pass  through 
different  diatliernianoiis  hodie.^,  tho  qiiatitity  of  heat  transmitted  is  not 
proportional  to  the  temperature  of  the  source,  hut  depends  upon  the 
nature  of  the  diathennanous  media, 

2.  With  regard  tfj  the  heating  of  bodies  by  radiation,  Knoblaucli 
ehows  that:  T/te  headnf;  effect  produeed^  when  the  rmliatfd  heat  which 
reaches  th€  bodies  i>  of  [/iven  intensity,  ig  totalii/  independent  of  the  tetn^ 
jMraiure  of  the  source^  and  determined  <miy  htf  /Atf  natur&  of  th^  nhmrh- 
ing  bodim^  tchich  receive  certain  ray9  mors  rewUhf  than  others. — Thus 
when  the  heat  from  an  Argand  lamp  nad  a  metal  cylinder  heated  to 
m°  R,  wtts  made  to  fail  on  a  plate  of  metal  covered  with  lamp-black  on 
the  side  turned  towards  the  thermo-pile,  bat  having  its  other  side  covered, 
in  one  ease  with  carmine,  in  the  other  with  black  paper,  the  following 
resulta  were  obtained : 


Sources  of  Heat. 

Direct 
Radiation, 

IntcrpoBcd 

Cariiitne. 

1 
Black  Puper* 

AriTiUid  lumD    .....*.*.*.  k..^.. 

50 
35 
50 

9'50° 
13^75 
10'S7 
1562 

1075" 
1525 

10U2 
H'OO 

Cylinder  heated  to  80*  R 

To  determine  the  manner  in  which  the  heating  of  bodies  by  radiation 
is  affected  by  their  thickness,  experiments  were  made  with  a  metallic 
plate  covered  with  la^erii  of  varnish,  &c,,  of  various  thicknesses.  The 
following  table  exhibits  the  results. 


Soarces 

of 
Hest. 


Argjind  lamp 

Cylinder  heated  1 
to  80'  R. . . 


Mi^tallic  Plate. 


Naked. 


6^50 
10^50 

6.50 
10'50 


Covered  with 


Layers  of  Vartilsh, 


8-2:i 
H'50 

I*  f»U 
i;50 


B'23 
15  12 

y'25 
1H'12 


8-25 
15'62 

9-50 
20"  12 


B 


8"25 
i:r75 

y^50 
20-75 


Lasers  of  Black  Lac* 


thiti      thick    tliicker  thickest 


7-12 
H'50 

912 
18'62 


8-25 
16^25 

9-87 
20-25 


8  G2 
17:47 
11-G2 
21 -37 


9^5 
18^2 
1200 
22-12 


Layers  of 
White  Lend. 


thin     thick 


7 '25 
1612 

1700 


800 
ia-50 

9  02 
19-50 


Hence  it  follows,  that  within  tlie  limits  of  theac  experimenta,  the  sab- 
stances  *'mp!o^cd  are  mort  strojj'jh/  heated^  in  proportion  as  their  thickness 
u  greater.  Precisely  tho  contrary  re^alt  wa^  obtained  by  Leslie  and 
Mel  Ion  r.  Tho  discrepancy  is  explained  as  follows.  Tho  n  mount  of  beat 
impsirted  to  a  body  by  radiation  increase:^  in  j^ropoillon  to  the  number  of 
absorbing  layers  to  which  the  heat  can  penetrate.  But  the  Iieatitig  effect 
attains  its  nKiximnni  at  a  certain  thickucs^,  beyond  which  the  heat  im- 
parted by  radiation  cannot  attain.  Now  in  Knoblauch's  experiments, 
the  thickness  was  never  too  great  to  allow  each  sucoeeaive  layer  to  be 
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beatetJ,  and  thtia  to  act  upon  the  metallic  sarfae«*  In  the  observations 
of  Leelie  uml  Mellotii,  on  tlie  contrary,  the  interpose^l  diathemianous 
plates  were  so  thicks  that  only  a  small  portion  of  tlie  heat  absorbed  pene- 
trated to  the  side  which  wan  turned  towards  the  themioscopc. 

3.  With  respect  to  the  rttdiatin^  powers  of  different  substances  at 
the  same  temperature,  Knoblauch  confirms  the  law  laid  down  by  Melloui^ 
viz.  that  the  radiating  power  of  a  bodt/  is  injluenced  by  scraicliing  Us  mr- 
face)  only  in  so  far  oi  i(4  density  and  hardness  are  iherthy  altered: — also 
the  result  previously  obtained  by  both  Rumford  and  Mellon i,  that:  the 
rodiating  power  incrtaies  with  the  thi<:kneM  of  the  vadMittni^  film, — a  law 
which  furnishes  another  j)roof  of  the  correspondence  hetwecn  ra^liatioa 
and  absorption.  Knoblauch  likewise  observer  that  the  equality  of  the 
radiating  aud  absorlung  powers  ir^  ab^si^lutely  true  as  regards  one  and  the 
same  body;  but  that  with  respect  to  different  bodies,  it  cannot  bo  main- 
tained that  a  body  which  at  a  certain  temperatare  exhibits  a  higher 
ra'liating  power  than  another,  necessarily  also  possesses  a  greater  al>8orb- 
ing  pjwer; — for  the  proportion  between  the  (|uantitics  of  heat  absorbed 
by  two  bodies  varies  with  the  nature  of  the  caiorific  rays, — ^Lastly,  it  is 
Bbown  that  the  radiating  power  of  a  body  is  the  same,  however  different 
may  be  the  calorific  rays  by  which  it  is  heated. 

4.  The  heat  radiatvii  from  the  ?nosi  rariom  solid  hodies^  suck  as 
metal ^  wood^  porcelain^  leather^  clofhy  pasteboard^  tfc. — of  different  thick- 
ne4iS€s  and  dijfej*eni  conditions  of  surface  appears,  tvhtn  tested  by  all  the 
means  at  o»r  command^  to  be  of  tJte  same  nature^  in  whatever  manner  tt 
may  have  been  ejcdted. — -In  the  experiments  by  which  this  result  was 
obtained,  the  temperatures  of  the  sources  of  heat  varied  from  25^  to 
M^  K, — This  result  ih  of  some  interest  with  reference  to  the  determina- 
tion of  qiecitic  heat;  for  if  the  ice  in  the  calorimeter  ivere  to  absorb  the 
heat  radiated  from  different  substances  in  ditTerent  degrees,  the  quantity 
of  ice  melted  wouM  not  be  a  direct  measure  of  the  quantity  of  heal 

5.  Alteratfon  ff  heat  by  Irregular  R*:fifCtion.  Mclloni  has  remarked 
that  a  white  i^urface  reflects,  with  various  degrees  of  intensity,  the  heat  of 
a  Locatelli's  lamp,  aecordiog  as  it  is  used  with  or  without  the  glass 
chimney, -^also  the  heat  of  incandescent  platinum,  an<l  that  of  a  metal 
cylinder  heated  to  400'*  C. — Metallic  plates  with  rough  surfaces  are  the 
only  bodies  which  reflect  equally  the  heat  fn»m  all  sources,- — whilst 
lamp-black  gives  a  scarcely  perceptible  dispersion  with  any. — The  fob 
loiving  table  contains  the  results  of  a  number  of  experiments  iu  relation 
to  this  subject.  The  source  of  heal  used  was  an  Argand  lamp^  ami  the 
heat,  after  reflexion  from  the  various  substances  mentioned  at  the  head  of 
the  table,  was  made  to  traverse  the  several  diathermauous  media  men- 
tioned in  tbe  first  column,^ — the  object  being  to  determine  whether  the 
calorific  rays,  after  diffuse  reflection  from  those  various  surfaces,  would 
pass  through  the  different  media  in  equal  or  uiie<|ual  quantities. 
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Tlie  rays  of  licat  reflected  from  certain  liomogeDeous  bodies  passed j 
in   unaltered  proptjrtloii  tlirougli   tbe  diathornianoiiti  media.     Sucli  waaj 
the  eiiso  with  bircliwood,  cork,  and  mahogany  ;   also   with  the  eimplo 
metal  a  and  metallic  alloys. 

Ileal  is  theff/orr.  altered  by  diffune  reficciion  in  very  ilifftrfjit  ways; 
in  a  high  degree  by  Bome  bodies^  not  at  all  by  others,  Tliegie  alterations,  in 
the  case  of  nnpoli.shed  bodies,  arc  iniiependent  of  their  degree  of  rough- 
ness :^ — in  tbe  case  of  metallic  garfrtce^,  it  is  eveu  iiiditiercnt  whether 
they  are  used  in  a  st:ite  of  high  specular  polish  or  in  any  other  condition 
of  surface, 

By  making  use  of  iocamlescent  plutinonj,  the  flame  of  alcobcd,  and  a 
heated  metal  cylinder  as  goarees  of  beat,  it  wa^  found  that :  The  chaujrs 
produced  in  heat  by  irrq/itlur  rfjlrctiori  are  affected  by  (he  nature  of  the 
MOtirce  of  heat  as  well  as  by  th^  nature  of  the  rrfitctinr/  stiff  ace.  And  in 
partictibir,  that  the  modifications,  wliich  are  very  eotisiderable  in  the  rays 
of  tbe  Arijand  lamp,  arc  Icbs  in  those  of  red-bot  platinum,  i^till  less  in 
those  of  the  ah^obol  flame,  and  iu  the  ca^e  of  tbe  metal  cylinder  heated  to 
any  temperature  between  20"  and  1*0    H,  they  liecomc  absolutely  nothing. 

It  is  easily  seen  bow  by  these  modifications  tbe  rays  of  heat  reflected 
from  different  substances,  nmy  to  a  certain  extent,  alter  their  relations  one 
to  another.  Thii.%  the  beat  of  an  Arj^nd  lump  when  reflected  from 
carmine,  passes  through  gypsum  \ritb  ie.<s  fat- i lily  than  when  reflected 
from  white  velvet.  TJie  rays  of  incandeiicent  platinum  pass  equally  well 
tlirougb  gypsum  after  reflection  from  those  surfaces ;  and  the  neat  of  &ii 
alcohol  flame  passe.-?  throngli  that  medium  after  re  flection  from  carmine 
better  than  after  diffuse  reflection  from  white  velvet. 

On  repeating  the  exijerimeuta  with  tbe  four  above-mentioned  sources 
of  beat  with  reference  to  a  diflerent  ohjeet,  it  was  found  that  surfiices 
wbicli  afl'ect  equdly  the  rays  from  any  one  source  of  beat,  e.  y.  of  an 
Argand  lamp,  likewise  modify  in  an  e*jual  degree  the  rays  from  any 
other  source.  The  following  Jist^  eonlatn  those  substances  which  scatter 
tbe  rays  of  heat  in  sueh  a  manner  that,  as  far  as  regards  their  passage 
through  red  gltiss,  blue  glass^  alum,  rock-snVt^  calcspar,  and  gypsum,  they 
are  not  to  be  disjlinguished  one  from  the  other.  The  bodies  in  (i)  have 
likewise  this  peculiarity^ — that  the  beat  irregularly  reflected  at  their 
Burfaees  is  nmlistinguii^ljable  from  non-rcflectrd  beat* 

(L)  Gold,  silver,  platinum,  mercury,  iron,  tin,  zinc,  copper,  lead, 
alloy  of  lea*!  and  tin,  brass,  German  silver,  untinned  iron  plate.  (2.) 
GypKuni,  cbalk,  white  lead»  wiiite  oil-coloiir,  porcelaiuj  liuen,  white  paper, 
blue  pafjer,  white  cotton,  grey  c^aHco,  Paris  green,  green  cinnabar,  chromo 
yellow,  black  lac.  (3.)  Bircb-wood,  cork,  ninhogany,  yellow  marble. 
(4.)  White  satin,  black  satin,  white  taiietus,  black  tatfetas.  (5  )  Blue 
velvet,  black  velvet,  ((j.)  Yellow  leather,  hrowu  morocco.  (7.)  Light 
cloth,  black  cloth,  {^,)  Blue  flock-paper,  green  ibjek  paper.  (0.)  White 
wool,  red  woob     (10.)  Cinnabar,  oxide  of  copjier. 

Of  tlie  following  i?ub.^tanres,  those  contained  in  tlio  same  division 
exbihit  a  similar  but  not  exactly  erpial  action. 

ni)  Carmine,  madder,  red  flock-paper.  (12.)  White  velvet,  white 
wool,  green  flock-paper.  (Kb)  White  lead,  Dieasbacb  blue.  (14.)  Black 
velvet,  gvaen  oil-cbitli.  (Itl)  Black  paper,  black  glass.  (16.)  Coal, 
coke,  plumbago.     (17.)  Lam|i-hlack,  animal  ebarcoab 

The  following  substances,  with  reference  to  the  dispersion  of  heat, 
cannot  be  included  in  either  of  the  preceding  groups. 

(18,)  Ultramarine.     (JO.)   Peroxide  of  tin.     (20.)   Tannato  of  per- 
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oxide  of  iron,  (21.)  lDt!iaa  ink.  (22.)  Red  taffetas.  (23.)  Green  taf- 
fetas. (24.)  Dark  red  velvet,  (25.)  Light  red  velvet.  (26.)  Green 
velvet.  (27.)  Black  moroceo.  (28.)  Brown  Manchester,  {20.)  Mother 
of  pearl.     (30.)  Ivory.     (31.)  Charcoal     (32.)  Brown  coal. 

It  is  also  shawn  that:  Tite  chaft^ea  which  heat  under^Of's  hy  difuite 
re/lection  are  ivholl^  diu  to  an  elective  ah$orbin(j  power  of  the  reflecting 
surface  for  certain  tf  the  calorific  raj/B  iMch  are  8e7it  to  it.  In  this 
respect,  the  plienomena  are  perfectly  analogous  to  those  which  are  oh- 
served  in  tlie  difluse  reflection  of  him  mo  na  rays. 

With  the  exception  of  the  inetali;!,  which  reflect  all  calorific  raja 
e<jnally  well,  aud  of  charcoal  which  aksorha  them  all,  it  cannot  he  said  of 
any  siihstance  jet  examined^  that  it  reflects  heat  hctter  or  worse  upon 
the  whole  than  another;  inasmuch  as  the  proportion  varies  with  each 
radiation. 

6-  The  preceding!:  results  sliow,  with  regard  to  the  sonrces  of  heat 
enipk^yed,  that  the  diversity  of  qnality  in  the  emitted  rays  is  greatest  in 
the  Artrand  lamp,  less  in  the  incande^jcent  platinum,  and  atill  less  in  the 
alcukni  tlame, — while  in  the  case  of  the  cylinder  heated  to  SO""  E.  it 
vanishes  altogether.  Generally,  the  heat  emitted  from  the  niosit  various 
solid  hodies  he t ween  the  temperatures  of  5Q°  and  90^  R  (Hi'S""  and  2 34 '5^ 
Fall.)  is  perfectly  homogeneoii&  or  monochromatic. 

The  variety  of  calorific  tints  in  the  heat  of  incandescent  platinum 
increases  with  its  tempeiutnre.  It  is  not  however  universally  true  that, 
of  two  sources  of  heat,  that,  which  lias  the  higher  temperature  lias  also 
the  greater  variety  of  calorific  rays;  e,  g.  red-hot  platinum  emits  raja  of 
greater  diversity  than  those  emitted  by  the  flame  of  alcoEioL 

It  is  likewise  remarkable  tliat  the  variety  of  calorific  rays  emitted 
from  different  sources  is  greater  or  less,  just  as  those  sources  contain  a 
greater  or  less  variety  of  the  coloured  rays  of  liglit :  thu.%  it  is  evident 
that  the  tlame  of  the  Argand  lamp  is  richer  in  this  respect  than  red-hot 
platinum,  and  the  platinum  richer  thau  the  alcohol  flame.  IT 

The  calorific  rays  of  a  hody  heated  to  dull  redness  may  he  polarized 
like  ray8  of  liglit  (p.  164),  so  that  they  will  or  will  not  he  reflected  from 
a  second  surface  and  afterwards  afl\*ct  a  thermometer,  according  to  the 
posjition  in  which  that  j^urfaco  ia  placed.  (Benard.  Oilb,  4$,  384.)— Rays 
of  heat  may  he  polarized  b^  transmission  throusrh  tourmalin  or  mica, 
depolarized  by  doubly  refracting  crystals,  he.  (Forbes,  Melloni.) — BadeE 
Powell  dente«  the  p»darization  of  heat. 

According  to  Ponil lot's  approximate  estimation,  the  temperature  of 
the  mx\  is  between  1461^  and  176 P  C,  and  it  sends  annually  to  tlie  earth 
as  much  lieat  as  would  melt  a  stratum  of  ice  surrounding  the  whole  eartji 
and  31  metres  in  thickness.  The  temperature  of  space,  according  to  the 
same  calculation,  is  about  —  142'  C;  hut  thi.q  Iikewi.sc  imparts  yearly  to 
tlie  earth  a  ipiantity  of  heat  sufHcient  to  melt  a  similar  stratum  of  ice  of 
the  thickness  of  20  metres. 

When  heat  is  restrained  in  its  rjidiating  motion  by  tlie  adhesive  force 
of  liquid  and  solid  bodies  it  diffuses  itself  within  them  slowly  and  with  a 
creeping  motion  ;  it  is  conducted  by  them, '^According  to  Fourier^s  hypo- 
thesis, the  conduction  of  heat  consists  in  radiation  from  one  atom  to 
another. 

Oondyding  power  of  solldi.  The  metaJs  are  the  heat  conductors  of 
heat.  If  the  conducting  power  of  gold  be  aflsumed  —  1000,  that  of  pla- 
tinnm  is  081,  of  silver  973,  copper  898,  iron  374,  zinc  363,  tin  304, 
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Imi  180,  marble  24,  pojxelaio  12,  tiles  11*4.  (Despreta.)  If  a  number 
of  metallic  rods  of  e<(ual  length,  bread th»  and  weiglit,  and  covered  with 
wax,  be  equally  heated  at  one  end,  the  wax  on  the  co|)j>er  will  he  meltei 
for  a  distance  of  3-5  inches,  on  the  silver  25,  and  on  the  platinum  and 
palladium  1  inch,  (Wollaston.J  Cf>7np.  N.  W.  Fischer  (K<tstn.  ArcA,  14, 
147;  J^ogr;.  19,  507;  52,  GS2.) — The  pajssage  of  heat  from  one  solid  body 
to  aaother  in  close  contact  with  it  causes  re tartlatinu.  (Despretz,) — N.  W. 
Fischer*s  assertion  (Foifg,  19,  5 IS)  that  when  water  is  placed  in  contact 
with  the  heated  end  of  a  metallic  oar,  the  heat  moves  on  to  the  cold  end, 
has  been  to  a  certain  extent  confirmed  by  Moujsson  {JiilL  ttniv.  N.  S»  12, 
418)  but  contradicted  by  Schroder  (Pw»  46,  135)  and  Bottger  (Pri^^. 
50,  60). — Porous  bodies  are  remarkably  bad  conductors,  «.  ^,  those  of 
organic  structure^  such  as  wood^  wool,  feathers^  Sec, 

IT  Senarraont  {N^,  Ann.  Chhn.  Phys,  21,  457)  Las  investigated  the 
conduction  of  heat  in  crystallized  bodies.  The  mode  of  experimenting 
was  Ui  heat  a  cylindrical  plate  of  the  crystal  in  the  direction  of  its  axis, 
and  trace  the  form  of  the  isothermal  curves  on  the  two  faces  by  means  of 
ineltc<l  wax.  A  small  tube  of  platinum  was  inserted  through  the  centre 
of  the  plate  in  the  direction  of  its  axis,  bent  at  right  angles  at  the  lower 
extremity  and  heated  by  a  lamp, — a  current  of  air  being  at  the  same  time 
sent  through  the  tube  by  means  of  an  aspirator  The  two  bases  of  the 
cylinder  were  covered  with  wax,  which,  being  melted  by  the  heat,  traoed  i 
out  on  the  surface  a  curve  line  whose  fomi  was  determined  by  the  con- 
ducting power  of  the  crystal  in  different  directions. 

Plates  of  homogeneous  substancet*,  such  as  glass  and  dnc,  treated  in 
this  manner,  gave  circles,  the  centre  of  which  was  at  the  source  of  heat. 

On  a  plate  of  calcspar  cut  perpendicular  to  the  axis  of  sjTnmetry,  thd 
curves  were  circles  with  their  centres  in  the  axis.  On  plates  parallel  to 
the  direction  of  natural  cleavage,  the  curves  were  also  circles,  exhibiting  a  | 
slight  tendency  to  elongate  in  the  direction  of  the  ]irincipal  section*  On 
plates  parallel  to  the  axis  of  symmetry,  and  having  their  piano  perpen- 
dicular to  one  of  the  fsices  of  the  primitive  rhombohedroUj  the  curves  were 
ellipses  very  regnlar  and  well  defined,  and  having  their  longer  axes  in 
the  direction  of  the  axis  of  symmetry.  The  ratio  of  the  axes  was  1'118» 
These  experiments  show  that  the  axis  of  symmetry  is  a  direction  of 
greater  conductibility. — Similar  results  were  obtained  with  quartz,  the 
ratio  of  the  axes  being  1'3L — It  may  therefore  be  inferred  that:  In  mtdia 
constiUited  like  crydals  of  tJit  rhonibohedral  syUem^  the  conducing  power 
varies  in  snch  a  7nannei\  thai ^  supposing  a  centre  of  heat  to  e:rijst  within  (hernj 
and  th^  medium  to  be  indejinifeli/  e.vtended  in  all  directions^  tJie  isoth^nnal 
surfhces  are  concentric  eiUpmid^  of  revolution  round  tlte  a^s  ofspnfnetry, 
or  at  hmi  surfaces  differing  hut  liftk  (herefrom. 

On  plates  of  gypsum  perpendicular  to  the  crystallograpbie  axis,  the 
cnrvei?  were  ellipses,  the  ratio  of  the  axes  being  V23.  Tlie  author  was 
unable  to  experiment  upon  plates  per|>endicular  to  the  direction  of  easiest 
cleavage;  but  there  is  every  probability  that  the  curves  in  this  case  would 
also  be  elliptical*  It  may  therefore  be  inferred  that:  In  media  constp- 
tided  like  aystah  with  two  optic  axes,  if  we  mppote  a  centre  of  heat  to  emH 
uithin^  and  the  cryRtal  to  he  inde^nitelff  extended  in  all  directions^  the  itO' 
thermal  surfaces  will  be  ellipsoids  with  three  uneqtial  ajces,  or  curve  surfaces 
diferin^  hnt  little  therefrom.  It  is  probable  also  that  the  principal  axes 
of  these  isothermal  surfaces  coincide  with  the  crystAlIogi-aphic  axes,  when 
the  latter  are  likewise  axes  of  symmetry. 
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No  experiments  were  nmde  with  crystals  belonging  to  the  regular 
system,  on  account  of  tlio  ditlkiilty  of  procuring  suitable  specimen*.  It 
is  prob»bie,  however,  tbat  in  media  of  this  nature,  tbe  isothermal  enrfaeefi 
would  be  Bphericah  H 

Conductinfj  Fr^wer  of  Liquids.  When  heat  is  communieated  to  the 
bottom  of  a  litjuitl,  it  diffu^sew  itself  quickly  a^nd  uniformly  thioiijL'bout; 
not,  however,  by  conduction,  L  e.  by  n:iilialion  from  particle  to  partielej 
hot  in  consequence  ofcurreuts  in  tbe  liquid  itself, — ^the  lower  portion, 
whicfi  i^  halted  and  thcrchy  expanded,  ascending,  while  the  colder  and 
heavier  portion  sinks.  The  communication  of  heat  front  the  upper  to  the 
lower  part  of  a  liqntd  takes  place  so  slowly,  that  Rumford  absolutely 
denied  the  existence  of  conducting  power  in  bodice  of  thii?  cla^ss ;  it  has, 
however^  been  shown  to  exist  in  them  by  Thomson,  Murray,  and  Dal  ton 
{Gtib,  14,  l2f),  158,  and  184*);  and,  according  to  Despretz,  the  conduc- 
tion (if  heat  in  liquids  t^ikcs  place  according  to  the  same  law  as  in  solids. 
— Rcfipecting  the  supposed  slower  cooling  of  wanB  mineral  waters,  mJ, 
Longchiimp  {Ann,  Chim.  Fhyn.  24,  248),  Schweigger,  Heuss,  and  Soib»r 
{SdiHK  39,  3S6),  L.  Gmeliu  {Poffff.  7,  451),  Ka«tuer  {Kastn,  Arxhiv,  13, 
408;  18,  480),  Wanderlich  {Wirtanh.  med,  Coirespond-,  Biatt,  1837> 
457),  Chevalier  (/,  Cfiim.  mtd,  12,  37). 

The  coc:jling  of  hcateii  bodies  in  the  air  and  m  gases  is  duo,  partly  to 
the  radiation  which  takes  as  it  would  in  vacuo,  partly  to  the  immediate 
transference  of  heat  to  the  particles  of  air  surrounding  the  botbes.  Tho 
latter  mode  of  communication  m  not  afTected  either  by  the  nature  of  the 
surface  or  by  the  absolute  temperature,  provided  the  difference  of  tem- 
perature between  tho  heated  body  and  the  surrounding  air  remains  the 
same;  so  long  as  tho  elasticity  of  the  air  continues  unaltered,  its  deuBity 
may  vary  in  any  way  whatever  from  change  of  temperature,  without  pro- 
ducing any  alteration  in  the  rato  of  cooling.  On  the  other  hand,  tho 
velocity  of  cooling  by  contact  varies  :  1.  With  the  elasticity  of  the  several 
kinds  of  gas — inasmuch  as  the  diminution  of  elasticity  consequent  on 
mechanical  rarefaction  le^^seuss  the  rate  of  cooling  in  a  proportion  which  is 
different  in  the  difTcrent  kinds  of  gas;  2,  According  to  the  nature  of  the 
Burrouuding  gas — being  greatest  in  hydrogen  (whether  from  the  greater 
n>cdjility  of  that  gas  or  its  greater  capacity  for  heat?)  less  in  olefiant  gas, 
still  les*  in  air,  still  less  in  carbonic  acid,  and,  according  to  Davy  {Schw, 
20,  153),  tslowest  of  all  in  chlorine  ga«.  (Similar  results  are  given  by 
Dalton  in  his  Neiv  Si/s(.  I,  114.)  But  even  when  the  actual  velocity 
changes,  the  law  of  cooling  by  contact  of  gas  remains  always  the  same, 
viz.,  that  when  the  difference  of  temperature  is  doubled,  the  velocity  of 
cooling  increases  23^  fold,  (Petit  and  Duloug.)  Comp.,  Despreti  (Anv. 
Chim,  Phi/6,  6,  184),  and  Provost  {Mem,  dt  la  Socirt^  de  Getieve,  4,  2G5). 
— Disturbance  of  the  air  accelerates  the  rate  of  cooling. — Tbe  obsorvatron 
of  Bockman  that  metals  cool  more  quickly,  and  charcotil,  earthy  sulv 
stance^,  and  liquids  more  slowly,  wheu  heated  in  the  aun  than  M'bon 
heated  in  the  sand-bath,  deserres  further  investigatioii. 

6.  Heat  which  enters  into  bodies  expands  them.  This  expansioii 
varies  greatly  according  to  the  nature  of  the  substance,  not  only  in  degree^ 
but  also  in  the  law  which  it  follows. 

♦  niomson,  Nichaimm't  PkiL  Jfmm.rol.  4,  p.  529  f. 

Murray  ,,  „  vol.  I,  p.  165  And  241, 

DaltoD,  Memoin  qfihe  Socidy  f*/  Manchethn  toL  5,  p«rt  II*  p.  373  t 
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All  ^$es  and  vapour i^  e,  g.^  eoTiiiiion  air,  oxygen,  hydrogen,  nitrogeiiyl 
carbonic  acid,  liydrocliloric  acid,  and  sulplmroua  acid  gas^  and  ether 
vapour  expjiiid  when  heated  from  0"  to  100"  C.  by  0373  of  their  volume, 
according  to  Gay-Lassac  and  Dal  too  ^  and  from  036  4  to  0"3G5  acccirdiog 
to  Rudberg,  The  latter  deter  ml  oation  gives  an  expansion  of  ^^  for  each 
degree  eentigrade  (or  ^3  for  each  degree  Fall.);  that  is  to  say,  274  cubic 
inches  of  air  at  0"  become  275  c  i.  at  +  1%  27t)  c,  i.  at  2%  and  37^  cabic 
inches  at  100^;  at  274°  their  volume  is  doubled,  at  548  it  is  trebled,  and 
BO  uiu  On  the  contrary,  274  meaaures  of  any  ga«  at  0  suffer  a  contra^:- 
tion  of  1  measure  for  each  degree  of  cooling.  274  measures  of  gas  at  0** 
contract  at  —  20  to  254  measures,  and  expand  at  -f-  30^  to  304,  at  -i-  80** 
to  354,  and  at  +  100°  to  574  measures.  Hence  the  volume  of  a  gas  mea- 
sured at  any  given  temperature  may  be  reduced  to  the  volume  which  it 
w<Hild  have  at  any  other  temperature;  e.  g.  given  1000  measnres  at  —  14': 
required  the  volume  at  0°l — (274  —  14)  :  274  =  1000  :x—  1053*8. — 
Given  1000^  measures  at  +  3(1*'  :  what  ia  the  volume  at  0?  (274  H-  36)  : 
274  =  1000  :  x  —  884, — Given  1000  measures  at  27''  :  what  will  he  the 
volume  at  lOO'^?  (274  +  27)  :  (274  +  100)  i :  1000  :x  —  1242-5,— Even 
when  the  heat  is  increased  to  300""  C,  the  expansion  of  different  gases,  as 
of  air  and  hydrogen,  i^  exactly  the  same,  (Petit  and  Dulong*) — The  ex- 
pansion of  atmospheric  air  when  heated  from  0°  to  100  is  constantly  the 
same,  whether  it  be  subjected  to  a  pressure  of -Jy,  ^,  |,  |,  1,  2,  3,  6,  or  15 
atmospheres,  (Davy,  I  hU.  Transact,  1823,  204.) — ^Common  air,  heated 
from  100  to  low  redness,  expands  from  1  measure  to  2  25,  and  at  a  bright 
red  heat  to  more  than  2 "50  measures.  (Davy,) — According  to  Muncke, 
vapours  heated  to  their  boiling  point  expand  much  more  strongly  than  air* 

IT  The  more  recent  experiments  of  Magnus  and  Regnault  have  shown 
that  the  coefficient  of  expansion  i^  not  exactly  the  same  for  all  gases. 
The  differences,  however,  are  not  very  considerable,  as  will  be  seen  from 
the  following  table,  which  gives  the  expansions  of  the  different  gases 
examine*l  by  these  philosophers,  between  the  temperatures  of  melting  ice 
and  boiling  water. 


Name. 

Kjcp&airiot]. 

Obs. 

Name. 

ExpamioD. 

Obs. 

Air  . . , 

0'.^G550 
0 -30651 

0-36H21 

Mg. 
Rt. 

Rt. 

Carbonic  oxide  .... 
Cttrbonic  add  ..... 

Sulpburousacid. . .. 

Hydrorbloric  acid.. 

^■3661)7 
0'3L>02« 

0  :m:»(;2 

0*36fll2 

Rt. 

Nitrogen  • .  .*..•.  .... 

Rc 

HTdroeen 

Rt 

CranojE^n.  ♦«♦,»,.*... 

Hence  it  appears  that  the  expansion  of  air  for  each  degree  centigraile 
ia  equal  to  0 "003005  of  the  bulk  at  0^  C;  this  gives  0  0020 4  or  j^  for 
each  degree  of  Fahrenheit's  scale.^-Regnault  also  touiid  that  for  atmo- 
spheric air,  carbunic  aci\b  and  sulphurous  acid,  the  coefficient  of  expansion 
increasee  with  the  tension  of  the  gas. 

The  laws  commonly  mlmitted, — vh.  that  tli€  expamion  of  unp  gm 
heiwten  ff'ivm  limits  of  the  temperature  in  indepemieut  of  the  hnilal  dc^mtj/; 
and  that  all  ga^^es  /laife  the  i^ame  mepeknt  of  e.rpansion—iiTQ  regarded  by 
Regnault  as  true  hi  t/if  limit  onlt/;  that  is  to  say— they  accord  more  and 
more  nearly  with  the  results  of  observation  in  proijortion  as  the  gases  are 
in  a  more  expanded  state.  1. 
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Liquidfl  heated  from  0**  to  100''  C.  expand  as  follows. 

Water 0*0466^ 

Satiirated  aoiutioti  of  salt  ......  OO&OO 

Oil  uf  vitriol 0*0600 

Hydrochloric  add  (sp.  gr.  1-137)  00600 

Nitric  acid  (sp.  gr.  1*40) J  0  1 100 

Alcohol  (ip.  ^.  0-917) 0*1100 

Ether 00700 

Oil  of  turpentiiie    0*0700 

Fat  oil     0-0800 


Mercury 


r  0-0200 

Ddton 

0018B7 

Ciivendish 

O01«48 

Lavoisier  and 

001818 

Laplace 
HrtllBtr^m 

001801 
001800 
0017^6 

Shuck burgh 
Petit  Olid  Duloiig 
Delac 

L  0*01695 

Roy. 

100  mea«uF6B  of  liquid  carbonic  acid  at  —  20^  expand  to  150  men- 

sures  at  +  30.  [Such  at  least  Is  the  aise  according  to  the  assertion  of 
Thitorier  (Ann.  Cfdm,  Fhi^s,  60,  427),  that  the  sp.  gr.  of  this  acid  is  0*90 
at  —  20',  0-H3  at  0",  and  0  00  at  +  30';  but  at  the  same  time  he  saysr 
100  measures  of  the  acid  at  0°  give  145  measures  at  +  30,  which  is  incon- 
sistent with  the  above].  It  is  certain,  however,  that  the  expansion  of 
liquid  carbonic  acid  is  much  greater  than  that  of  gases.  Likewise^  huI- 
phuroua  acid  and  cyanogen  in  the  licjuid  atate  expand  much  more 
strongly  than  other  liquidis,  but  ntjt  so  much  as  carbonic  acid.   (Kemp.) 

Water,  when  gradually  heated  from  its  freezing  point,  contracti*  at 
lirst,  and  does  not  expand  till  its  temperature  has  been  raised  eomewlmt 
higher.  If,  tlierefore,  it  be  at  the  paiticnlar  temperature  at  which  it« 
density  is  the  greatest,  it  will  expand,  whether  heat  be  added  to  or 
abstracted  from  it  This  point  of  maximum  deut«ity  is  placed  by  Dal  ton 
at  2*22"  C,  by  Blagden  &  Gilpin  and  by  Gay-Lussao  at  3^80°  (39' 
FaL),  by  Hiillstrom  at  39'  (Po^i/.  34,  220),  Cliarlcs  at  399%  Deeprotz 
at  4^,  Hope  at  4*35^,  Lefevre,  Giueau  and  Rumford  at  4-44%  by  Cricliton 
at  5  55"",  and  by  Playfair  ik  Jnnle  at  31M01='  Fab.,  or  3-1)5°  C.  (Cktfti. 
Mem,  3,  204.)  The  apparent  maximum  density  of  water  enclosed  in 
glaaa  vessel**  is  not  attained^  according  to  Dalton,  till  5'5f>^,  becuupe  the 
vessel  expands  when  its  temperature  is  raiseii  from  0"  to  4'.  (For  Hiill- 
strom's  table  of  the  density  of  water  at  diflerent  temperatures,  vid.  Ann, 
Ckim.  Fhy^.  2&,  oC.) 

All  aqueous  solutions  of  salts  and  similar  substances  bave  likewise, 
according  to  DespretZj  a  maximum  of  density.  This  maximum  is  situated 
80  much  the  more  Ijelow  4  aa  tbe  solution  is  ricbcr  in  fealt,  and  generally 
even  below  tbe  temperature  at  which  the  solution  freezes  when  agitated ; 
wLilst  the  liquid,  when  at  rest,  may  be  cooled  below  the  point  of 
maximum  density  without  assuming  tbe  solid  form.  Solutions  of  3*7 o9 
parts  of  the  fcdlowing  Bubstances  in  100  parts  of  water  bave  their 
maxima  of  density  and  their  freezing  points  when  agitated  situated  at 
tbe  following  tempei-atures: 


Max. 


Fr.  P. 


Max. 


Fr.  P. 


Potnah    , ,  . . 

Carb,  potash 

Sulphali'  of  potash 
Carbonate  of  soda . . 


■'5*64* 

228 

7i)l 


-210* 

3-21 
2-09 
285 


t^ulpbate  of  toda  ...... 

Commou  sait    

Chloride  of  ejilcium . .  . . 
Dry  eulphate  of  copper 


^4-33- 
4-75 

3-92 
0-62 


-.2-30' 

2-rr 

3-02 
1*32 


•^  Tbe  expansion  of  liqulilw  has  lately  been  further  invt>stigate<l  by  M. 
Isidore  Pierre:  the  results  of  his  exjeriment.s  are  coutained  in  a  series  of 
momr>irs  published  in  the  Annak^  de  CkmU  H  tie  PAy«iV/M<?,  S"  s^r.  The 
following  table  cont-ains  tbe  true  and  mean  ooeibeients  of  exxmnsion  of 

VOL.  I.  q 


HEAT. 
ii<k  eiamitied.     Th©  expaaaioiifi  feeing  expraaaad  by  for^ 

liich  r  donotes  the  temperature,  and  a,  6,  c  are  oonatants  to  be  decr- 
ied hy  olie«rvatioa  for  each  particular  liquid,— the  true  ooefficieiit«  for 
h  temporatui^  are  calculatefl  by  the  formula 

at 
the  meaD  coefficients  hj  the  fonnula 


QUbstsOiOOS' 

Temperature*, 

True  coeJfideot 

Mma  coeffidenC 

ratrii     ..*---.--**. 

-  35*0           ' 

0*0 
630 

0*0 
100*0 
131*8 

-  30*0 

0*0 
7g'3 

-  30*0 

0-0 
40-7 

0*0 
13-0 

-  30*0 

0*0 
70*0 

-  350 

00 

43*8 

0*0 

102*1 

0*0 

119*0 

^    40*0 

00 

74*14 

-  300 

0*0 

59-5 

0^0 

7B-:^4 

DO 

100*0 

1T5-3 

-  30*0 

0-0 
133'B1 
^    25*0 

0*0 
llG-4 

-  25*0 

0*0 

136*0 

«    10-0 

0001 
0001 
0*001 
OiSOO 
O'OOl 
0*001 
0000 
0-001 
0001 
0001 
0*001 
0*001 
Q-OOl 
OOOl 
0001 
OOOl 
O'OOl 
O'OOl 
O'OOl 
0*001 
0*001 
0001 
OOOl 
0001 
OOOl 
0*001 
OOOl 
O'OOi 
0*001 
0-001 
0*001 
OOOl 
0000 
0-001 

o-ooi 

0000 
0*000 
0-001 
0-001 
O-OOl 
OOOl 
0-000 
0-000 
0*001 
0-001 

109 
185 
491 
890 
539 
606 
944 
048 
U7 
290 
337 
540 
415 
559 
018 
142 
480 
085 
199 
446 
239 
r76 
202 
534 
029 
25B 
719 
132 
295 
687 
1-28 
589 
847 
DOS 
14B 
925 
970 
333 
101 
132 
647 
876 
942 
357 
272 

738 
&70 
250 

Oil 

328 

382 

782 

630 

576 

277' 

628 

060 

206 

038 

046 

251 

311 

098 

591 

938 

896 

201 

7a2 

408 
108 
496 
623 
859 
954 
434 
619 
242 
205 
7B0 
896 
854 
073 
299 
490 
801 
379 
944 

ass 

899 
135 

OOOl 

0-001 

OOOl 
0-001 
0-000 

OOOl 
OOOl 

OOOl 

O'OOl 
0  001 

0-001 
OOOl 

0-001 

0-001 

0*001 
0*001 

0*001 
OOOl 

0*001 

0-001 

OOOO 
0-000 
0000 

OOOl 
0-001 

OOOl 
0-000 

OOOl 
O'OOl 

141      901 

f**""******- 

iTou ..:::::::::::::: 

329     74? 
068     560 

164     S42 

i0l   ,.,.,,,,,. 

997     311 

195     509 

title  of  ttkvL » 

269     422 

" 

448     731 

Iodide  of  cth^l   ...  * 

493     693 

088     924 

Tndidi*  of  m^th¥l  .........* 

263     687 
164     759 

327     135 

Butync  methyUeihor  ....»* 

Rnhrrif*  ptlM*r    ^     ....>.^.i> 

440     012 

439     571 

Ae*(:ip  rtJief . ...» -  ^^  >  . .  ^  *  *  ■ 

142     608 

l»           11     .  .  » «  *  ^  .  .  1  *  • »  » * 

489     OOl 

Ac«tk  nscthyUetlier    ...... 

t»              11              *.-*,»■ 
If              jp              ,,»»*. 

Tercblnride  of  phosphorai .  p 

IT                                I»                ^  - 

Terhromide  of  phosphoros  .  ^ 

1,                                              IT 

Tcreliloride  of  arsenic* .  . .  * . 
BicMiirideoftin". 

232     491 
4B4      159 
307    358 

916    249 

986     237 
951     664 

140     338 
113     945 

It              ti  *  ■  *  ■ 

338     953 

Bichloride  of  titwilura..  .,.. 

11                           ir         -  .  *  .  .  ^ 
ti                           *i          *..,,, 

Chloride  of  Bili<^ium* ....... 

909     479 

142    034 

272     094 
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Subftonces. 


CUIoride  of  silidun] . , . . . 

«i  n       

Brora  tdc  of  silicium 

$t  fi        . ♦  *  .  . 

Chloride  of  acetyl    

»»  fi         

ft  If        ♦  * . .  * 

Bromide  of  acetyl   . .  . , « 

»»                                 M                  -.   *  .    * 
tf  ff  

Brommc , 

fi         ••■...,««,,,, 

Sulphuroas  ncid , » , 

Sulphite  of  oxide  of  ethyl 


Tetnpcraturee* 

True  coeWicicnt, 

Mean  cocffi* 

;ient. 

0  0 

O'OOl 

294 

119 

59  0 

0-001 

978 

592 

0001 

563 

537 

00 

0000 

952 

572 

1(100 

0001 

112 

682 

0001 

031 

167 

153 '36 

0  001 

205 

180 

0-001 

053 

126 

-    3f)0 

0001 

084 

013 

0-001 

096 

836 

00 

0-001 

118 

932 

Si'92 

O'OOl 

sao 

055 

O'OOl 

2S2 

410 

20-0*J         , 

0000 

&52 

69tJ, 

100-0 

0  001 

1H2 

181  1 

0001 

064 

922 

i:i2'6 

o-ooi 

453 

206 

0-001 

117 

913 

-      7-0 

0001 

OKi 

027 

OOOO 

970 

234 

00 

0001 

o;i8 

186  1 

G3'0 

0001 

318 

677 

0-001 

167 

673 

^      8-0 

0001 

810 

947 

O'OOl 

737 

142 

_    25-85 

0-001 

406 

377 

y*o 

0000 

ywo 

479 

100^0 

0-00 1 

257 

739 

0-00! 

157 

912 

160*3 

o-ooi 

461 

725  1 

0*001 

205 

933 

It  will  be  seen  frtmi  this  table  (1)  that  for  all  the  above  liquids,  both 
the  Qieati  and  true  coctficieiits  of  expansinti  increase  with  the  tempera- 
ture; (2)  that  ffir  t e III pemt (ires  above  0^  ibe  true  eot^thcicnt  is  greater 
than  the  mean,  whereas  beJow  0  it  is  less;  (3)  that  the  true  coefficient 
increases  more  rapidly  tlutn  the  mean. 

In  the  follow^ing  table,  the  vol o me  of  the  liquids  at  their  boiling 
point  is  taken  for  unity,  and  the  chanijea  of  volume  are  given  ftir  all  the 
liquids  at  eoual  distancet?  from  tlieir  boiling  points.  At  the  head  of  each 
colomn  i«  given  the  hoili ug  point  of  the  liquid^  together  with  the  baro- 
metrio  pressure  at  the  time  of  ohHervation.— ^-The  residta  detailed  in  this 
table  are  of  eepeeial  importance  in  eomiection  with  tbe  etiuivalent  vq- 
lumes  of  the  several  liquids;  sinee,  according  to  Kopp  and  Hrhrodcr,  the 
e^Qiralent  volumes  of  h*piids  should  be  compared  at  toinjKjratures  equally 
distant  from  their  boiling  points. 


Number  of 
degrees 
below 

Wood.spirit 

Alcobdl 

FiueboU 

Acetate  of 
Methyl 

Acetic 
Ether 

ButTTftte  of 

Methyl 

boiling 
point. 

S.  P.  W  it° 

A  r,  78  so 

ff.  P,  \u^ 

R.  P.  &S  &o 

it  p  7114° 

B,  P  IM 10 

<w.  ys**'*^ 

(k^f  7T»gam)^ 

(*ArJ61  2fliiin»j 

iiar  7*1  2*") 

\^af.  7rt6'ft'***"), 

(W  74t^'9-«). 

0 

1-0000 

vmm 

lOOOO 

1-0000 

I '0000 

1-0000 

5 

09931 

0-9938 

0-9932 

0-9923 

0-9922 

0-9924 

10 

0*9863 

0-9878 

0  9865 

0-9848 

09846 

0*9849 

15 

0  9796 

0*9819 

0-9BOO 

09775 

09772 

0-9777 

20 

0-9732 

0-9761 

09737 

0-970:i 

0-9700     1 

0-9706 

25 

0-9669 

0*9703 

0-9676     I 

09633 

fl-9629 

0-9636 

30 

09608 

0-9646 

0  9617 

0-9564 

0-9559 

0-9569 

:i5 

0-9547 

0-9590 

0*9559 

09497 

0*9491 

0-9503 

40 

09488 

0-9536 

0-9503 

09431 

0-9424 

0-9438 

45 

0-9430 

0-9482 

0-9448 

0-9367 

09359 

09376 

50 

09373 

0-0429 

0*9394 

09304 

0-9295 

00312 

55 

0-9316 

0-9377 

09342 

0-9243 

0'U233 

0-9251 

eo 

0-9260 

0-9825 

0-9292 

09103 

0-9172 

0-9192 

65 

0-9206 

0-9275 

0*9241 

0-9121 

0-9112 

0-9133 

70 

0-9225 

0-9192 

0-9065 

0-9053 

09675 

m 
m 


m 

r 

K 

Mifegr 

EtbCT 

1 

#»wi?»i. 

i 

If 
1% 

m 

r9f^3 

0-5934 

o^fe«3 

0^9X9$ 
0i>733 

1^000 
O-^S-ifi 
0^9^^ 
0-9IS4 

Oil7l3 

1 

1^0*00 
•  99^ 

05713 

t-000000 
0-992370 
0984^30 
0977021 
0'9€9827 

30 
411 

0941^ 

oimi 

o^» 

O-ftill 

0*903^ 

0-^137 

0~9S47 
IH0J9 

Oi(^U9 

05M3 
O4380 
0^10 

M3S9 

0^9fiMS4 
M»3A3 
0^4$$3S 
09410^3 

5# 

6d 
71> 

0^1*4 

0^9iii» 

0*9401 
0^9340 
0-9^1 

0*9l»7 

0^9381 
0^9330 

0^9211 
0-9SI* 
09153 

0-93tI 
0-92«3 
0-9304 
i'fl4S 

rfisi 

7S 

8S 
9% 

0-9007 

0-89M 

081140 

osm? 

OlfttOi 
09034 

0£»9«33 

U9lt>« 

100 

lo:^ 

nu 

115 

t>E<tKlO 

0^579 
08527 

0-SS»7 

19£i 

OSi76 
0-81373 

^^^^ 

^      J 

1 

1 

^H 

E 
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Number 
of  degrees 

below 

CMcride  of 

Bromide  of 

Chloride  of 

Bromide  of 

Bichloride 

Bichloride                H 

Acetyl 

Acetyl 

SilJcium 

Sillcium 

of  Tin 

ofTitamum               ^M 

hoUmg 

J?.F.WW> 

J?,J»,132«P 

fl.  P  59° 

B. P.  l53aflO 

B,  J*,  11B-4P 

s.  P.  vsep             H 

pobt. 

(W.761  8B««; 

(«4r.  766  9n»»} 

-*air.  7e*>i«*). 

<*ar  700  l«n«.j 

(W-76S*1««) 

(i»r.  70S  Sinn).                 H 

0 

1  OOOOOO 

1*000000 

1-000000 

l-OOOOOO 

1-000000 

1-000000                 H 

5 

0-i>93229 

0'994056 

0-991277 

0095575 

0  992952 

0*994194                  ■ 

10 

0D86G10 

0-988308 

0*982831 

0-990872 

0-986047 

0-988397                  H 

15 

0'980059 

0*982702 

0-974791  1 

0-986197 

0-979286 

0-982706                 H 

20 

0*973833 

0-977212 

0-967158 

0*981671 

0*972663 

0-977081                  ■ 

25 

0-9G7653 

0*971001 

0-959631 

0-976969 

0-966173 

0*971532                 H 

30 

Oi)GlG04 

0-960456 

0-952517  1 

0-972374 

0*959732 

0  966053                 ■ 

35 

0-955680  1 

0*961279 

0-945665 

0*967671 

0-953566 

0*960645                 ■ 

40 

0*049654 

0-956151 

0-939049 

0*962739 

0*947453 

0-955306                 ■ 

45 

0*944157 

0*951030 

0-932638 

0*957789 

0*941455 

0-950037                 ■ 

50 

0'93B579 

0*945978 

0-926407 

0-952951 

0*935553 

0-944836                 H 

55 

0"933080 

0*940980 

0*920327 

0-948163 

0*929760 

0-939635                  ■ 

60 

0*927671 

0-936063 

0*914366 

0-943402 

0-924067 

0*934713                 ■ 

65 

0*922344 

0-931211 

0*908502  1 

0*938680 

0-918466 

0-929664                  ■ 

70 

0*917001 

0-926421 

0*902744 

0-933992 

0-912956 

0-924710                 ■ 

75 

0-911907  1 

0*921710 

0-896944 

0929340 

0*907530 

0*919844                 H 

80 

O-906784 

0*917055 

0-891194 

0*924723 

0  902182 

0*915044                ^1 

85 

0*901715 

0*912454 

0-885427 

0*920142 

0*896918 

0-910309            ^^1 

90 

0*896691 

0-907917 

0*879613  j 

0*915596 

0*891691 

0-905638            ^^M 

95 

0*891710 

0*903446 

0*873726 

0-911085 

0-886566 

0*901032               ^M 

lOO 

0-880760 

0-899036 

0-906608 

0-B8I488 

0*B9G485                  H 

105 

0*881838 

0-894686 

0-902165 

0-876464 

0-892002                  ■ 

110 

0*876935 

0-890396 

0-897756 

0-871488 

0-8H75H2                  H 

115 

0-886135 

0-893386 

0-8G6550 

0*883222                  ■ 

120 

0-889048 

0*861669 

0-878923                  ■ 

125 

0-884742 

0*856813 

0-874684                  H 

130 

0-880470 

0*851988 

0-870505                  ■ 

135 

0876222 

0*847188 

0-866383                  ■ 

140 

0-87*2027 

0*842424 

0*862323                  ■ 

i                     ^^^ 

0-867856 

0*837643 

0-858319                 ■ 

150 

0*863717  ' 

^^M 

155 

^^1 

^^1 

Nomber 

Terbromide 

Terchloride 

Terchloride 

SuljihttrotLs 
acid 

Sulphite  of                H 

of  d^greei 

of 

of 

of 

Brotiiloe 

oxide  of                    ^H 

below 

Plioaphorua 

Aneuac 

Ethyl                      ■ 

boiling 

B.  P  Mhso 

B.  P.  m^i^ 

B.P\m%i^\ 

B  P,  <JS«^ 

B,  P.  S9 

B.  P  Wf^^                  H 

potnt« 

fAar  760  2i»») 

(Attf.751S— ) 

iiar.  7&fl'l«w> 

6«f  76C»^2ifi») 

(Aar.769  ISna] 

i«i»r.7&V76mf")                  ^M 

0 

1  OOOOOO 

1*000000 

1  OOOOOO 

1  OOOOOO 

1*000000 

1-000000                  ■ 

5 

0*905103 

0-992876 

0-994252 

0-993936 

0-996457 

0-994299                  H 

10 

0*990266 

0*985971 

0-988576 

0-UR7981 

0-987128 

0-987627                  H 

15 

0*985467 

0-979272 

0-982970 

0-982146 

0-979060 

0-981906                  ■ 

20 

0*980-05 

0-972567 

0*977434  1 

0-976128 

0*971174 

0*976297                 ■ 

25 

0*975982 

0-966444 

0-971967 

0*970822 

0  969925 

0*970600           ^^1 

30 

0-971221 

0-960*290 

0-966566 

0*965287 

0*964270 

0  964811            ^^H 

35 

0-966654 

0-954291 

0-961232 

0*959875 

0*959199                 H 

40 

0-962050 

0-918143 

0-95ri961 

0*954676 

095H5B6                  ■ 

45 

0957490 

0942725 

0-950751 

0*949538 

0*948076                  ■ 
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HEAT. 


Number 

Terbrofuide 

Tercbloridc 

TercKloride 

Sul|»hit«  of 

J 

of  dr^rf  e« 

of 

i>f 

of 

Bromuie 

oxide  of 

1 

below 

Phosphonut  1 

Pboephorui 

Anieiitc 

Etiiyl 

1 

boiling 

B.  r  17&'3o  ' 

B.  P.  7B  34° 

B  p.  isn  fiio 

B.  P.  88*> 

B.  P.  i«xy^ 

' 

point. 

»rtr.76Cr2"«') 

W.75l5»r.-i. 

iUr  75C'1«™).  (**-70O  02«»»> 

(frtfi-.Tets^d*"*) 

50 

0*952975 

0937128 

0*945611 

0*944399 

0-942637 

55 

0'9'IS494 

0  931640 

0-940528 

0-9393U 

0-937264 

60 

0a44052 

0-926248 

0*935504 

0-934406 

0*931959 

6S 

0*9S9650 

0  920941 

0*930543 

0-929562 

0*926717 

70 

0935288 

0-915707 

0-925638 

0-924652 

0-921537 

75 

0'930965 

0-910531 

0-920789 

0  916427 

80 

0-926672 

0-905403 

0-915996 

0-911375 

85 

0*922137 

0-90031 1 

0-911257 

0-906383 

90 

0  918249 

0-89524.1 

0-900571 

0*901454 

95 

0914107 

0'890l«5 

0-901938 

0-896583 

100 

0-91 001 1 

0-885129 

0-897351 

0*891779 

105 

0-905956 

0-8800G3 

0-892809 

0-687045 

110 

0-901944 

0-874958 

0-888338 

0-882318 

115 

0*897969 

0869803 

0-883902 

0-877671 

•    * 

120 

0-873075 

125 

0-868546 

130 

0-864063 

135 

0859638 

140 

0-855252 

145 

0-850920 

J 

150 

0-846638 

1 

155 

0-842403 

1 

leo 

0*838214 

It  will  be  seen  from  tliese  tables :  L  That  a  nearly  equal  ct>ntractioQ 
from  the  boiling  point  down wartls  is  exhibite<i  by:  (1).  Fusebuil,  wuotl- 
fiipirit  and  alcohol;  (2).  Bromide  of  ethyl  anJ  bromide  of  methyl;  (5). 
Iodide  of  methyl  and  iodide  of  ethyl;  (4),  Acetic  ether  and  acetic 
methyl-ether;  (5).  Butyric  other  and  hatyric  niethybether, 

II.  That  this  et^ual  contraction  from  the  boiling  point  downwards 
does  not  extend  to  all  groups  of  litjuids  containing  a  common  element 
united  with  diflerent  isomorjihous  elements  (e.  g>  chloride  of  phospborne 
and  chloride  of  arsenic),  but  appeara  to  h%  confined  to  the  ethyl  and 
methyl  series. 

III.  That  in  each  group  of  liquids  tlio  difference  of  contraction 
increases  constantly  in  the  same  direction,  in  proportion  as  the  tempera- 
ture falls  below  the  iKiiling  point. 

IV.  This  ditference  of  contnietion  attains  in  some  cases  a  very  conm- 
derahle  magnitude ^  e,g,  in  the  group  consisting  of  the  bromide  and  chloride 
of  silicium  it  amount*  to  half  the  total  expansion  of  one  of  these  liquids. 

V.  In  each  group,  the  liquid  which  has  the  lowe.'^t  boiling  point 
expands  and  contracts  the  most.  This  obser'^^tion  must  not  however  be 
extended  to  liquids  belonging  to  different  groups* 

Kopp  ha  a  also  pnblis^hed  an  elaborate  series  of  researches  on  the  ex- 
paoaion  of  liquids.  {Fogg,  72,  1  and  223;  abstr,  Ann,  Chcnu  Phamn.  04, 
212.) — Tho  following  are  the  results  obtained  with  regard  to  the  expan- 
sion of  water,  the  volume  at  O''  being  taken  for  unity. 
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Temp. 

Yoliime. 

Temp. 

Volume. 

Temp. 

'^lume. 

0° 

1-000000 

14° 

1-000556 

40° 

1-007531 

1 

0-999947 

15 

1-000695 

45 

1-009541 

2 

0-999908 

16 

1-000846   1 

50 

1-011766 

3 

0-999885 

17 

1-001010 

55 

1-014100 

4 

0-999877 

18 

1-001184 

60 

1-016590 

5 

0-999883 

19 

1001370 

65 

1019302 

6 

0-999903 

20 

1001567 

70 

1022246 

7 

0-999938 

21 

1-001776 

75 

1-025440 

8 

0-999986 

22 

1-001995 

80 

1-028581 

9 

1-000048 

23 

1-002225 

85 

1-031894 

10 

1-000124 

24 

1  002465 

90 

1-035397 

11 

1-000213 

25 

1-002715 

95 

1-039094 

12 

1000314 

SO 

1004064 

100 

1-042986 

13 

1-000429 

35 

1005697 

The  expansions  of  the  other  liquids  examined  by  Kopp  are  given  in 
the  following  table,  the  volume  of  each  liquid  at  0^  C.  being  token  as 
unity.  The  densities  {=  d)  reduced  to  0^,  and  the  boiling  points  under  a 
pressure  corresponding  to  760"°*  or  29*92  inches  of  the  barometer  are  also 
given  at  the  heads  of  the  respective  columns.    IT. 


&* 

•  ?*  II 

J  11^ 

ihol 

0-8095 
=  78-4° 

o 

1  11^ 

rf^ 

one 
0-8144 
=  56-3° 

EOl 

0-8991 
.  =  80-4° 

°C0 

i  11^ 

J2ii 
|iip5 

i 

8  lieu 

^^^i 

£'«» 

2  11^ 

1  II  P^ 

6  11^ 

fi 

t^'nm 

<^m 

W-^PQ 

^^sCQ 

<'nm 

P^Tscq 

-<•«« 

0 

1-00000 

1-00000 

100000 

100000 

100000 

1-00000 

100000 

1-00000 

100000 

5 

1-00576 

1-00523 

1-00454 

1-00750 

100790 

100680 

1-00529 

100497 

1-00529 

10 

1-01154 

1-01052 

1-00911 

1-01518 

101616 

101387 

1-01190 

1-01000 

1-01060 

15 

1-01734 

1-01585 

1-01373 

102308 

1-02476 

102085 

1-01796 

1-01505 

1-01588 

20 

1-02319 

102128 

101840 

1-03122 

103372 

1-02810 

102410 

102016 

101129 

25 

102912 

1-02680 

102311 

1-03962 

103551 

103033 

102530 

1-02669 

SO 

1-03513 

103242 

1-02790 

1-04829 

1-04310 

103665 

1-03050 

1-03213 

35 

1-04124 

1-03817 

1-03278 

1-05726 

1-05087 

1-04308 

100577 

1-03764 

40 

104751 

1-04404 

103773 

1-05884 

104961 

1-04109 

1-04319 

45 

1-05391 

1-05006 

1-04280 

1-06700 

1-05625 

104648 

1-04881 

50 

1-06049 

1-05623 

104797 

107538 

106302 

1*05194 

1-05451 

55 

106726 

1-06257 

1-05327 

108396 

1-06900 

1-05748 

1-06030 

60 

I  07425 

1-06910 

1-05869 

1-09278 

1-07692 

1-06310 

1-06617 

65 

108147 

1-07584 

1  06425 

1-08407 

1-06880 

1-07213 

70 

108278 

1-06998 

1-09136 

1-07460 

1-07820 

75 

1-08994 

1-07586 

1-09880 

1-08048 

1-08438 

80 

109735 

108192 

110641 

1-08647 

1-09067 

85 

1-08815 

1-11412 

1-09255 

1-09709 

90 

1-09458 

1-09875 

1-10364 

95 

1-10122 

1 

1-10507 

1*11033 

100 

110808 

1-11148 

1-11717 

105 

1-11515 

1 

111803 

112417 

110 

1-12245 

1 

1-13133 

115 

113001 

1 

1-13865 

120 

1-13783 

j     ! 

1-14614 

125 

1-14589 

130 

1-15426 

135 

116290 

' 
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HEAT. 


I 

0 
5 

10 
lb 
20 

25 
30 
35 
40 
45 

50 
55 
60 
Cb 
70 

75 
80 

85 
^0 

ts 

100 
105 
110 
115 
120 

125 
130 
135 
140 
145 

150 
155 
ISO 


S^2 


PQtspa 


00000 
00525 
01 052 
Ol5g3 
02117 

02659 
03203 

03754 
04309 
04871 

05439 
0fiO13 
Or;596 
07187 
07785 

msn 

0^007 

09631 
10266 
10910 

11 565 
12231 
12909 
13598 
1429^ 

15013 
15741 
16481 
17235 

18005 

18786 
19584 
20399 


I'OOODO 
100707 
]'0142B 

1*02162 
1-02916 

103692 
1  04495 
105326 


hi 

X  ^  *^ 
I  11*^ 


2-  ■  II 


1 '00000 
1*00683 
1-01369 
1*02062 
1*02766 

1  03481 
104211 

1-04960 
1-05730 
1  06525 

1-07347 
1-08199 


1  OOOOO 

1^00649 
1-01317 
I  02004 
1*02710 

1-03435 
1-04179 
1-04940 

1-05719 
1-06517 

l'»7331 
1-08161 


o       I       • 
'3  H-i  r-   to    «  3V 


1  00000 

1  00642  I  1 
1-01 297  i  1 
1-01964  1 
1*02644  .  1 


1-00000 

■00603 
01216 
01837 

02471 


1-03340 
1*04050 
1 -0477a 
I  05521 

1-06283 

i -07064 
1-07865 
1-OS686 
1-09529 
1-10395 

l-tl^4 


03113 
03776 
04449 
05135 

05836 


06554 

07287 

1-OB037 

08806 

095SI4 


10400 
II 226 

12074 
12944 
13835 


1'14750 


kr  OQ 

*S  ^  ^9* 


1-00000 

1-00592 
1*01193 

1-01800 
1*02417 

1*03042 

1-03678 
1-04325 
1-04983 
1-05654 

1*06338 
107035 
1-07747 
1-08474 
1-09216 

1  09975 
M0753 
1-11548 
1-12361 
1-13193 

M4407 
PI  1921 

1-15816 
1-16914 


>  Bm 


1-00000 
1-00565 
l-OllOB 
101721 
1-0231^ 

1*02919 
1-03532 
I  04158 
1-04794 
1-05444 

1-0610S 
1-06779 
1-07467 
1-08168 
1-06884 

109615 
1*10360 
1*11121 
1-11898 
1-12691 

1*13501 
114330 
1*15175 
1  16038 
1-16920 


Linear  expansion  of  Solid  bodies  when  heated  from  0°  to  100°  C* 

Black  marble  (Lucullite) 0*00035300  =  5^     Dunn  &  Sane 

Cjirrara  matbb  000083700   =  tt^j 

White  glass  in  tubes 000089694   =  ^'n     LaVoisier  &  Laplace 

Fbnt.glaas 000081166  =  ^Ag 

Earthenware 0*00083000  =  j^^^    Dalton 

Brown  Fayence 000040000  =  ^'^j         „ 

Antimony 000108333=  «!,     Smeaton 

Bismuth 000139167   =  X 

Zinc  (cast) 0*00294167  =  jX, 

(hammered) 0*00310833   =  ^ 

Malaccatin    0*00193765   =  3^,      Lavoisier  &  Laplace 

♦  The  linear  expansion  of  a  solid  multiplied  by  3  gives  the  expansion  in  volume,  very 
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= 

jK 

LaToiflier  Sc 

Lapkne 

= 

lis 
til 

" 

** 

= 

Sraeatori 

*i 

=^ 

Hi 

Lavoisier  & 

Laplace 

= 

sn 

*> 

tr 

= 

T^V^f 

Trough ton 

= 

I.W 

Wolbfltoa 

Lead , 0'0O284836 

Iron  wire   , 0'0€123504 

Copper 000171733 

Bmsa  wire » 0'0011)3337 

Silver. .,.,, ,.,  ..  0  00l90ti68 

Gold    00015:>155 

Plutinutn     0(HKiy918 

Palladium 0*0010000 


Crystals  not  beloni^ing  to  tie  regular  system  exhibit  when  ln3atetl  au 
uuequal  expansion  in  tlie  direction  of  their  axesj  in  conseqnenee  of  which 
the  magnitudt)  of  tlteir  angles  becomes  altered  (Mitscberlich,  Poff^.  I, 
125;  10,  137).  In  crystals  belonging  to  the  right  prismatic  system  the 
expansion  is  difierent  in  the  direction  of  all  three  axes  j  in  arragonite,  on 
raisintj  the  temperature  from  0  to  100"^,  the  inclination  of  the  latenil 
faces  increases  by  2'  46^,  and  that  of  the  terminal  faces  diminishes  by 
5'  29";  gypsum  is,  according  to  Fresnel  (Bull,  des  Sc.  Matketn,  1824,  100; 
also  Fogg,  2,  \  09),  more  expanfled  by  beat  in  the  direction  of  the  prin- 
cipal axes  than  in  that  of  the  lateral  axes. — In  crystals  belonging  to 
the  rhomb ohedml  system  the  expansion  is  the  same  in  the  directions 
of  the  three  secondary  axes;  but  diifereut  from  that  according  to  the 
principal  axis.  The  obtuse  angles  of  the  primitire  rhombohedron  of 
calcapar  diminish  by  8|'  when  the  crystal  is  heated  100  »  and  the  acute 
angles  increase  by  the  same  qaantity.  Hence  it  may  be  calculated  that 
the  relative  expansion  of  the  principal  axis  (compared  with  the  secondary 
axe«)  amounts  to  O*0Q342;  moreover  since,  according  to  Mitscberlich  and 
Dulong,  the  cubical  expansion  of  calc^ar  between  0'  and  100 '  is  only 
0'00U»61t  it  may  likewise  be  determined  that  calcspar,  when  thus  heated, 
does  not  expand  iu  the  direction  of  the  secondary  axes,  but  contracU  by 
0*00056,  and  that  the  absolute  expansion  of  the  principal  axis  may  be 
estimated  at  0 -00286. — In  bittor-spar,  the  obtu80  angle  of  the  primitive 
rhombohedron  diminishes  when  the  temperature  is  raised  from  0"*  to  100"* 
by  4'  6";  in  ferruginous  bitter-spar,  by  S'  29^';  in  iron  spar,  containing  a 
considerable  qnantity  of  manganese,  by  3'  31";  and  in  pure  iron  spar,  by 
2'  22".  Since  now,  among  all  these  minerals,  calcspar  forms  the  least, 
and  ferruginous  bitter-spar  the  most  obtuse  rhombohedron,  it  follows  that 
the  expansion  in  the  direction  of  the  principal  axis  does  not  increase  in 
the  same  proportion  as  the  relative  length  of  the  axk  itself  diminishes. 
(Mit*K*ljerlich.) 

The  alloy  of  2  parU  bismuth,  I  part  tin,  and  I  part  lea<l,  expands 
when  heated  from  0^  to  41°  C;  when  still  further  heated  it  contracts,  so 
that  at  ,56**  its  density  is  the  same  as  it  was  at  0"",  and  at  69^  still  greater; 
beyond  this  temperature,  expansion  again  takes  place;  at  87*5°  the  alloy 
has  onoe  more  the  same  density  as  at  0";  and  at  94*",  at  which  it  fiuses,  the 
same  as  at  44"^.     (Enuan»  Pogg,  f),  557.) 

For  an  account  of  H.  Schrtkler  s  attempt  to  discover  a  relation  between 
the  equivalcMt  volume  and  the  expansion  of  bodies,  see  Fogg,  52,  282. 

IF  Messrs.  Playfair  ^  Joide  have  lately  made  some  experiments  on 
the  expansion  of  salts  and  other  solid  bodies.  {Qa,  J,  of  Chan,  Soc,  I. 
121.)     The  results  are  as  follows : 
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Name. 

Formula. 

Expansion 
for  180'' Pah. 

Copper  {rtductii  by  Hydrogen)  .... 

ft                                          M                                      .... 

YL&A  oxide  of  mCTcnry »..♦.. 

Cu 

11 

HgO 

PbO 

Mq>  0* 

SuO* 

PbS 

K  CI 

BaCl  +  2HO 

NB^Cl 

NaO.  NO» 

K  0,  N  0» 

:: 

Pb  0,  N  Oa 
BaO,  NO* 
KO.CIO 

KO,  CrO= 

KO,  2CrO^ 

KCl,2CfO' 

H  0,  C»  O'  +  2H  0 

K  0,  C*  0»  +  H  0 

KO.  2C»0*  +  3H0 

KO,  4C»0'  H-7HO 

NH*o, c*o>  -i^  no 

NH*0.  2C*0^  +  3HO 
NH*0.  4C*03  4-  7HO 

KO,  SO^ 
KO^SO"  +  HO,SO» 
N  H*  0,  S  0«  +  H  0 
CuO,SO»+5HO 

FeO,  S0i  +  7H0 

MgO,SO'  +  7HO 

Cu  0,  S  0«  -f  N  H*  0,  S  0^  +  6H  0 

CuO,SO»  +  KO,  SO»+GHO 

MgO.SO*  +  KO,S03  +  GHO 

Cr*O^3S0^+  KO,SO^  +  24HO 

Al>  0«.  3S  0»  +  K  0,  S0«  24H  O 

Zd  0,  S  0»  4-  K  0,  S  O'  -h  6H  0 

MgO,  S  O'  +  N  H*0»  S  0^  +  6H  O 

Ci'H'^O'' 

C'«H^'0^« 

00055 

000767 

0*005802 

Protoxide  of  lead ,,,♦ 

000795 

Red  oxide  of  xaongaiiciBe  ...  * 

0  00522 

Peroxide  of  tin «..,.*.. 

000172 

Sulphurf't  of  lead    ..  .»..*.>.  .1.. 

0*01045 

Chloride  of  potaflsiam>  .«•....»«*• 

0*010941 

Chlfiride  of  lijiriain  ....■*«■.*.... 

0' 0098 73 

Chloride  of  ammonitiiii   ..*•...... 

00191 

Nitrate  of  soda 

0-0128 

Nitrate  of  ootaah 

001967 

Ditto       {in  large  eryitaU)  . ,  , . 

Ditto       {finely poufdfrtd)  ..,, 

Nitrate  of  lead,  ...* ,..».. 

0017237 
0-019487 
0-00839 

Nitrate  of  baryta 

0'004&23 

Chlorate  of  potash  ..,.-.,, 

0017112 

Chromntc  of  potoflh  .,,,,.,  -,,.., 

0-01134 

Ditto       {in  fine  small  cryntaU) 
Dichroinate  of  potash ...  * 

0-011005 
0*0122 

Bichromate  of  chloride  of  potaitsiutn 

Ocjltii*  Jlrirl    ..  _. - 

0-015902 
0-027476 

Oxalate  of  potash  ..*.*.«.«..*..» 

0'0U62 

Binoxalate  of  potash  ............ 

0*011338 

Q.iiadroxalate  of  potaah « .  • 

0-015916 

Oxalate  of  amcnonia    , ..«,««• 

0-00876 

HinoYalate  of  ammonia  . .  . ,  .*.... 

O^Of^TlS 

Qucidroxalate  of  ammooia 

Sulphate  of  potash , 

0-014347 
0*010697 

BLsulphate  of  potash  ..•«*..*.,,. 

0-012287 

Sulphate  of  ammoma 

0-010934 

Sulphate  of  copper 

0*009525 

0*fM>.5315 

ft                 *» 

0*00812 

Sulphate  of  iron 

0*01 153 

Sulphate  of  magnesia 

0*01019 

Sulphate  of  copper  and  ammonia  . , 
Sulphate  of  copper  and  potash  .... 
Sulphate  of  magtiesla  and  potash  . . 
Chrome  alum  ....  , .  , , , , . 

0*006«113 
0' 0090 43 
0009372 
0-005242 

Putsnh  idum     ^.........,t« 

0-003682 

Sulplmtc  of  zinc  and  potash  , 

Sulphate  of  magnesia  and  ammonia 

Cane  sugar ,,,.....,, 

Sugar  of  milk 

0'00S235 

o-ooriGi 

0-011160 
0*009111 

Of  the  three  specimens  of  snlpliato  of  copper  mentioned  in  the  pre- 
ceiltn^'  talde,  tbo  first  and  tUir*!  were  prepared  for  experiment  by  jKiuntl- 
isig  the  salt  finely  and  pressing  it  between  folila  of  bibulous  paper.  The 
second  was  in  small  crystals,  obtained  hv  dtirring  the  cupreous  solution 
while  cooling:  it  contained  leather  more  than  5  equivalents  of  water 

The  expansion  of  oxalic  acid  appeara  to  be  greater  and  that  of 
peroxide  of  tin  lees  than  that  of  any  other  solid  yet  examined.     %. 

Since  ebstJe  fluids  are  in  so  many  respecta — particularly  with  regard 
to  their  combination  in  equal  proportions  by  volume — the  most  normal 
eubstances  in  existence;  since  they  appear  to  possess  no  cohesion,  which 
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force  probably  exerts  a  disturbing  option  ou  the  expansion  by  heat  of 
liquids  and  5olid«;  eiiice  a^m  they  all  expand  in  the  same  ratio  between 
the  same  limite  uf  tetriperiiture,  it  may  in  all  probability  be  supposed  that 
their  expansion  is  likewise  uniform;  that  is  to  say,  if  the  addition  of  any 
given  rjuantity  of  heat  liaa  produced  an  expauBion  of  0  001  for  example, 
the  addition  of  a  second  equal  quantity  will  produce  an  increase  of 
exactly  0  001  of  the  first  volume.  Thia  being  admitted,  it  is  found  that 
all  other  bodies,  when  their  expansion  is  compared  with  that  of  air, 
exhibit  a  variable  ^jrpajimojif  inasmuch  as  the  exjmnsion  produced  in  them 
by  equal  increments  of  lieat  is  ^^reater  at  higher  than  at  lower  tempera- 
tares.  If  the  increase  in  volume  which  different  bodies  undergo  between 
the  temperatures  of  freezing  and  boiling  water  he  divided  into  100  equal 
mrta  or  degreei?^  it  will  be  found  that  when  tboBo  several  bodies  are 
farther  heatetl,  their  expansions  will  be  expressed  by  different  numbers 
of  such  parts,  and  in  the  following  proportion : 


Aerordin^  to  Dulong  and  Petit. 
Air.     Mercury.     Flatinuai.       Copper.  Iron. 


100 

100 

150 

151*3 

2(h0 

2(14 '6 

2^0 

255*1 

300 

314-15 

350 

360 

100 


311'6 


0  0 

lOT  100 

328-8  372-6 


Glui. 


100 


352  9 


According 

to  Rudberg 

Air. 

Mercury. 

-35-96 

0 

+  500* 

100 

-36 
0 

+  50 
100 

198*91 

200 

29473 

300 

Dulong  and  Petit  estimated  the  expansion  of  air  at  0'375  (page  224); 
Rudberg  (Jahn.^ber.  19,  44),  from  hia  own  expenrncnls,  determined  it  to 
be  0  3(j4;  this  however  will  not  explain  all  the  devia/iona»  {Cmnp, 
Pamboar,  Compi.  rend,  12,  H55;  also  Pogrj.  53,  234.) 

Expansion  liy  heat  serves  aa  the  Wis  of  most  Thermometers  wliieh 
are  u^d  to  measure  the  lower  degreeB  of  temperature,  and  of  Pyrom^f^n 
by  which  higher  temperatures  are  indicated.  Silica  gaaea  and  vapciurd 
are  the  only  bodies  who«e  expansion  is  uniform,  the  ordinary  thenrio- 
meters,  which  are  filled  with  mercury  or  splritj  cannot  give  the  true 
tempemture  exactly,  but,  on  the  contrary,  alwaye  make  the  higher  tern- 
pemturea  too  great ;  moreover,  thoy  do  not  a^reo  among  theoiselvOvS, 
(The  reduction  of  tho  degrees  of  a  mercury,  platinum,  copper,  or  iron 
thermometer  is,  to  a  certain  extent,  given  in  the  preceding  table.)  Again, 
in  using  flaids,  the  expan«ion  of  the  ghiss  in  which  they  are  contained 
must  he  taken  into  cou^idemtion,  since  it  makes  their  apparent  less  than 
tlieir  real  expansion;  and  since,  according  to  the  above  fuble,  the  ex- 
pansion of  ghi^is  at  high  temf>eratiircs  inerea-ses  much  more  rapidly  tban 
that  of  gaeeSj  the  error  of  the  mercnrial  thermonictcr  is  to  a  certain 
extent  corrected  by  this  circuraeti^nce,  Bellani  {Ilntfpu  Gtont.  15,  268; 
Wf  217  and  294)  has  likewise  shoivn  that  the  bulbs  of  mercurial  ther- 
mometers generally  contract  in  the  course  of  time,  so  that  when  they  are 
immerseti  in  meltmg  ice,  the  mercury  stands  from  i'  to  V  R,  above  the 
freezing  point  previously  marked;  an  eilect  which — aa  observed  by 
Flaugergues  (Ann,  Ckim.  Phi/s.  21,  333)  an*!  by  Aug.  de  la  Rive  Si  F. 
Marcet  (ISihi.  imiv.  22,  205)— -may  be  attributed  to  the  pressure  of  the 
external  air  on  the  bulb  of  the  thermometerj  inii^much  a^   there  is  a 
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vacuum  in  the  instrament  above  the  mercury.  Vid.  also  Von  Yelin 
(KaMn.  Arddv.  3,  109),  Kamtz  {Schw.  40,  200),  Egen  {Pogg,  11,276, 
335aDd5l7;  13,  33),  Legraml  {Ann,  Chinu  /%^/ 03,  368),  Despretz 
{Ann.  Chim,  Fhys,  64,  312;  also  Fogg,  41,  5%),  Kudberg  {Fogg.  40,  30, 
and  162),  and  Henrici,  {Fogg,  50,  251). 

IT  Peraou  has  found  that  when  thennomcters  are  exposed  to  tempe- 
mturea  above  300^  or  thereabout,  the  shifting  of  the  zero  point  ie  much 
greater  than  hajs  been  hitherto  supposed.  Desprctz  bad  found  it  to 
amount  to  half  a  dej^^e  in  4  or  5  years  under  ordinary  circunistancea. 
Person  finds  that  at  the  temperatures  just  mentioned  it  sometimes  reaches 
from  12^  to  17^  in  a  few  hours.  {Fogg.  G5,  370.)  IF, 

Id  the  common  Air^tkerTnometerf  the  air  is  enclosed  in  a  glass  bulb 
having  a  tube  attache<l  to  it,  and  the  tube  is  closed  with  a  drop  of  some 
liquid  not  easOy  voktile,  auch  as  oil  of  vitriol.  (Gay-Luasae,  Fogg,  27, 
435;  Pouillet,  Fogg.  41,  144,) — In  the  Differmtial  tkermomfter  or  Fho- 
tometer  the  air  is  contained  in  two  glass  bulbs,  connected  by  a  tube  bent 
like  a  U;  a  eniall  quantity  of  liquid  contaiuod  in  the  tube  is?  driven  bjick- 
wards  and  forwards  accordingly  a^  one  or  the  other  of  the  bulbs  is  more 
strongly  heated,  and  thus  shows  differences  of  temperature,  but  no  exact 
degrees.  If  one  bulb  is  covered  with  lamp-black,  and  the  other  with 
gold  leaf,  the  former  becomes  more  atrongly  heated  by  exposure  to  light 
than  the  latter,  and  thus  the  instrument  serves  to  measure  the  intensity 
of  light.  (Leslie.)  The  difforential  thermometer  possee^ea  still  greater 
delicacy  when  filled  with  vapour  of  alcohol  in  contact  with  excess  of 
alcohol  instead  of  air.  {HownTd.)— The  A  ir^pj/ro7neteT'  is  a  hollow  sphere 
of  platinum  fitted  with  an  escape-tube.  The  hotter  the  fire  to  which  the 
platinum  vessel  is  exposed,  the  greater  is  the  quantity  of  air  driven  out  of 
It,  and  this  is  received  over  water  and  measured.  (Pouillet,  Fogg.  39, 
367;  also  Elhn^ns  de  Fhysigue  et  tk  MB^oroIogk,  3""^  Ed.  toni  I,  p.  351.) 
— The  mercurial  thermometer  serves  for  temperatures  between  -f  SSO"* 
and  — BS"";  the  f:pirit-tbermoraeter  from  +  70^  to  the  greatest  known 
degree  of  cold:  for  alcohol  has  never  yet  been  frozen ,^-In  Breguet*9  J/tf- 
talik  Thermometer^  three  very  fine  strips  of  platinum,  gold,  and  silver  are 
laid  on  one  another,  and  wound  into  a  spiral,  which  becomes  twiited  by  the 
unequal  expansion  and  contraction  of  thc^c  metals  arising  from  cbangoe 
of  temperature,  and  gives  motion  to  an  index  :  this  instrument  serves  not 
80  much  for  exact  measurement  of  tempemtures  as,  ou  account  of  it« 
thinness,  for  the  detection  of  very  trausient  changea  of  temperature 
(Ann,  Chim.  Fki/a.  5,  312;  more  shortly  h\  Sc/m,  20,  405.) — The  Ifetal 
lyi^mHer  consists  of  a  bar  of  silver,  or  f<^r  higher  toniperature  of  plati* 
niim,  contained  in  a  tube  of  porcelain,  or  of  clay  mixed  with  black  lead. 
The  metallic  bar  expandiS  more  strongly  when  heate<l  than  the  clay,  and 
gives  motion  to  an  index  traversing  a  graduated  arc.  (Vtd,  Daniell, 
Qu  J.  of  6t\  12,  309;  abstr.  ,Schw,  32,  497.) 

Reaumur  divides  the  interval  between  the  temperatures  of  meltinff 
ice  and  boiling  water  into  80,  Celsius  into  100*,  Dclislo  into  150,  and 
Fahrenheit  into  180  equal  parts.  The  first  two  place  the  zero  at  the 
temperature  of  melting  ice,  Oelisle  at  the  boiling  point  of  water,  Fahren- 
heit 32"  below  the  melting  point  of  ice:  B  F.  =  7*5"  D.  =5  C.  =  4"  R. 
A  correction  must  be  made  for  the  different  positions  of  the  zero. 

*  Thi?  tcmperatiiT****  R^ver*  in  thh  work  (t"scc|>t  when  otherwise  gpccinlly  mentioned) 
refer  to  the  Cent]«;ra(li  scsh. 
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752 

240 

300 

572 

160 

80 

100 

212 

4 

5 

23 

31G 

395 

743 

236 

295 

563 

156 

195  383 

76 

95 

203 

6 

10 

14 

312 

390  734! 

232  290 

554 

152 

190  374 

72 

90 

194 

12 

15 

5 

308 

3aa  725 

228 

285!  545 

14B 

185  365 

68 

85 

185 

14-32 

1778 

0 

304 

380  716 

224 

280  1  536 

144 

180  356 

64 

80 

176 

16 

20 

-  4 

300 

37&  7t>7 

220 

275  527 

140 

175  347 

60 

75 

167 

20 

25 

13 

296 

370 

mvi 

216 

270 

518 

136 

170  338 

56 

70 

158 

24 

30 

22 

292 

365 

6B9 

212 

265 

509 

132 

165  329 

52 

65 

149 

28 

35 

31 

288 

360 

6B0 

208 

260 

500 

128 

160  320 

4B 

60 

140 

32 

40 

40 

284 

355 

671 

204 

255  491 

124 

155  311  ' 

44 

55 

131 

36 

45 

49 

280 

;i50  '  662 

200 

250  '  -182 

J  20 

150  302 

40 

50 

122 

40 

50 

5B 

276 

345  G53 

196 

245 

473 

116 

145  293 

36 

45 

113 

44 

55 

67 

272 

340  .  644 

192 

240 

464 

112 

140  284 

32 

40 

104 

4B 

60 

76 

26d 

335  635 

188 

235 

455 

lOH 

135  275' 

28 

35 

95 

52 

65 

85 

264 

330  1  626 

1B4 

230  1  446 

104 

130  266 

24 

30 

86 

56 

70 

94 

260 

325  ;  617 

180 

225 1 437 

100 

125  257 

20 

25 

77 

60 

75 

103 

256 

320 

GOB 

'176 

220,428 

96 

120  248 

16 

20 

68 

64 

80 

112 

252 

315 

599 

172 

215  419 

92 

115  239 

12 

15 

59 

68 

85 

121 

248 

310 

590 

168 

210  410 

88 

110  230 

e 

10 

50 

72 

90 

1  130 

244 

305 

581 

164 

205  401 

84 

105  221 

4 
i  0 

5 
0 

41 
32 

76 
80 

95 
100 

139 

1  148 

1 

a,                b. 

c.                  d. 

«. 

/ 

TR.  =  l*25°a  =2  25°F. 

rC.  ^O-B^R.  =1^8* 

P. 

TF. 

=  0-55* 

C. 

=  0-44*  R. 

2    =2-5    =4-5     2    =1'6    =3*6 

2 

-I  11 

=  0-88 

3    ^3-75    =6-75 

3    =2-4    =5-4 

3 

=  1-67 

=:^l-33 

4    =3*2    =  7-2 

4 

5 
6 
7 

8 

=  2  22 
=  2-78 
=  3-33 
=  3-89 
=  4'U 

=  1  77 

=  2-22 
=  2-66 
=  3  11 
-3-55 

How  nmny  degrees  FaL.  =  273°  Cels.l  According  to  the  table, 
270°  C*  =  518  F.  ;  the  3**  C.  over  are  equal  by  d.  to  5-4"  Fah. ;  and  these 
added  give  518"  +  5  4°  ^  523*4  Fah.— How  uiaoy  degrees  of  Cela 
=  676'  Fah.  ?  By  the  table,  fi7 1 ''  F.  ^  355"  C. ;  and  by  d.  5^  F.  =  2*78^  C, 
therefore  together  671'  F.  =;  355"  +  2^78"  =  357'78"  C. 

Wedgewood'a  Pyronjcter  depends  upon  the  coDtraction  of  cylinders  of 
clay  at  high  temperatures.  The  first  degree  W.  corres^ponds^  according 
U)  Wedgewood,  to  5J>8^  C,  and  ea^h.  degree  W.  m  etiual,  according  to  the 
same  anther ity,  to  72  C.  According  to  Guyton-Morveau,  on  the  other 
hand,  the  first  degree  W,  corresponds  to  270 C,  and  each  degree  W.  is 
etjual  to  only  34"  C.  This  pyrometer  appear.s  to  give  but  very  uncertain 
indications,  the  inaecnracy  arising  chiefly  from  this  circumstance — that  the 
clay  cylinders  contract  as  much  at  a  low  red  beat  continued  for  some 
time  as  at  a  more  powerful  heat  sustaiued  hut  for  a  short  time. 

Prinsep  {An7i.  Chim,  FUps.  41,  247)  makes  alloys  of  silver  and  gohl, 
ten  parts  of  which  contain  1,  2,  3,  4,  5,  6,  7,  8,  or  9  parts  of  gold; — ^and 
for  very  high  temperatures,  alloys  of  gold  and  platiDum  containing  99, 
US,  97,  &e.  per  cent  of  gold;  they  are  nmde  into  flattenerl  buttona. 
These  alloys  bo  places  in  separate  eujjels  in  the  lire  whose  strength  is  to 
Ui  determined,  and  ascertains  which  of  tlietu  are  fused.     From  a  conipa- 
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rative  estimation  with  an  air-pyrometer  made  of  gold,  it  appears  that 
eilver  melts  at  999'^  C;  9  parts  of  sHvor  and  1  of  gold  at  1049";  8  silver 
and  2  gold  at  1070*=;  6  silver  with  4  gold  at  10M°;  and  3  silver  with 
7  gold  at  1379".  An  alloy  containing  30  part^  gold  and  70  platinnra  is 
infuBible  even  in  the  strongest  blast  furnace* 

7*  Heat  imparta  to  many  ponderable  bodies  partioular  colours  which 
vary  uncording  to  the  ciuantity  of  heat  contained  in  the  hodieg.  Whenever 
such  bodies  are  heated,  tliey  asiiiime  a  colour  different  from  that  which 
distinguishes  them  in  the  cold;  but  on  cooling  again,  the  original  colour 
reappears.  This  change  of  colour  is  not  accompanied  by  any  chemical 
change. 

This  appearance  is  presented  by  the  following  liquids,  and  by  the 
under>mentioned  solids  in  the  state  of  powder. 

Suli>hiir,  which  at  ordinary  temi>eratures  is  paJe  pellow,  acquires  a 
brownish  yellow  colour  when  heated  jui^t  below  its  melting  point. — 
Hyjionitric  acid  is  colonrlesa  at  —  2i^°,  pale  yellow  at  0",  orauge  yellow 
at  -f  20  ,  and  its  vapour  hc^eomeft  darker  the  hotter  it  is. — Titanic,  tan- 
talicand  molyhdic  acid.%  which  are  white  at  common  temperatures,  hecome 
of  a  lemon-yellow  colour  when  they  are  heated;  lemon -yellow  tnngstic 
acid  becomes  orange-yellow  when  heated, — green  oxide  of  chromium 
becomes  brown, — oraDge-coloureil  chromic  aciil,  redj — pale  grey  anhydrous 
tersulphtttc  of  chromium,  peach-blossom  colour, — lemon -yellow  neutral 
chromate  of  potash  or  soda,  aurora-coloured, — orange-coloured  Idsulphnret 
of  arsenic,  red  brown^ — lemon-yellow  tersalphuret  of  arsenic,  of  a  colour 
varying  from  orange  to  red  brown, — white  oxide  of  antinmny  and  white 
antmionious  acid,  lemon-yellow, — palo  yellow  antimonic  acid,  brownish 
yellow, — lemon-yellow  oxide  of  bismuth,  of  a  colour  varying  from  orange 
to  red  brown, — yery  pale  yellow  oxide  of  zinc,  lemon-yellow, ^-orange 
yellow  sulphuret  of  cadmium,  first  brownish,  then  crimson  red, — yellowish 
white  peroxide  of  tin,  orange-yellow^ — -yellow  oxide  of  lead,  brown-red,— 
8carlet-red  minium,  violet-coloured, — ^yellow  chromate  of  lead,  brown ish, — 
brown-red  peroxide  of  iron,  dark  brown, — colourless  aqueons  solution  of 
acid  [jcrnitrate  of  iron,  reddish  yellow, — red  sul>o side  of  copper,  brownish 
grey, — brownish  black  protoxide  of  copper,  deep  bhick,- — tile-red  oxide  of 
mercury,  brownish  black, — scarlet  cinnabar,  cannine-red, — white  proto- 
sulphate  of  mercury,  first  yellow^  then  red^— yellow  basic  protonitrate  of 
mercnry,  red, — and  yellow  di-iodide  of  mercury,  red. 

Elevation  of  temperature  then  always  im{Kirts  a  darker  colour,  and 
generally  yellow  or  brown.  Schonbein  (Po^fj,  45,  2HS)  suggests  that 
heat  may  produce  an  incipient  decomposition,  which  however  does  not 
go  BO  far  a,s  the  [reparation  of  any  of  the  elements;  thus  red  oxide  of 
mercury  may  when  lieated  assume  the  brown djlack  colour  of  the  suboxitle 
from  losing  a  part  of  its  oxygen,  which  however  is  retained  in  a  peculiar 
manner  in  the  ma^s, — ^and  so  forth.  It  is  not  however  every  change  of 
colour  that  will  accord  with  this  hypothesis. 

8.  The  heat  which  diflTuses  itself  through  ponderable  bodies  accumu- 
lates in  them  in  quautities  which  differ  according  to  their  peculiar  nature, 
whether  we  compare  them  with  regard  to  weight  or  volume.  iJiti'erent 
bodies  require  diflerent  quantitiee  of  heat  to  raif^e  their  temperature 
equfilly,  and  disengage  unequal  quantities  of  heat  in  cooling  through  the 
same  number  of  degre«\s  <if  temperature,  Thii?  different  Capucift/  uf  bodies 
for  heat  is  called  Speeijie  Htat  when  the  (>odic9  are  compared  with  regfird 
to  their  weight,  and  IMatn^  II mt  when  they  are  compared  with  regard 
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to  volume.     The  specific  heat  tmikiplied  into  the  specific  gravity  gives 
the  relative  heat» 

When  bodies  of  diffeTcnt  temperatures  and  different  capacities  for 
heat  are  mixed  together,  the  temperature  of  the  mixture  is  not  tlie  mean 
hetwcen  the  temperatures  of  the  individual  substances.  Eqoal  weights 
of  boflies  equally  heated  or  equally  cooled,  but  of  different  capacities  for 
heat»  raise  or  lower  t!ie  temperature  of  a  given  quantity  of  water  through 
different  numbers  of  degrees.  Or  they  melt  unequal  quantities  of  ice 
at  O''.  Spheres  of  equa!  eisie  and  equally  heated,  but  of  substances  having 
different  capacities  fur  heat,  require  different  times  to  cool  to  the  same 
point  in  the  same  medium— the  radiating  power  of  the  surfaces  being 
either  accounted  for  or  made  the  same  in  alL  Gases  enclosed  in  a  mano- 
meter placed  in  a  warmer  medium  require  different  times  to  produce  in 
them  tbe  same  amount  of  expansion  by  heat.  The  first  of  these  methods 
was  adopted  by  Wilke,  Crawford,  Kirwan,  Dalton  aud  Potter;  the  second 
by  Delaroche  &  Berard,  Avogadro,  Neumann,  Re^mault;  the  third  par- 
ticularly by  Lavoisier  &  Laplace  with  their  calorivieter ;  the  fourth  by 
Mayer,  Bbckmann*  Petit  ^  Dulong,  Hermann,  De  la  Hive  <fc  Marcetj 
ihc  fifth  by  Dc  la  Rive  &  Marcet,^ — -for  the  determination  of  the  specific 
heats  of  bodies. — Moreover,  with  regard  to  the  specific  heats  of  gases, 
Dulong  availed  himself  of  the  velocity  of  sound,  by  c^tusing  the  gases  to 
blow  into  a  flute  and  determining  the  pitch  of  the  sound, — and  Suermann, 
of  the  cooling  produced  by  the  evaporation  nf  water  in  a  stream  of  the 
gas. 


Specific  HeaX  of  Ehstie  Fluids  at  the  ordinary 

Pressure  of  the  Atmosphei*e, 

Specific  Heat. 

Relative 
Heat. 

that  of 

that  of 

Ihat  of 

water  =1 

air=l 

air-l 

Air   

0-2500 

10000 

1-0000 

Clement  Ik  Demrmiia. 

0-266d 

De  la  Roche  &  B^rard. 

0-3046 

Soermano. 

OxvizeQ  iras  * ■  * 

01956 
0-2361 

0-7:128 

0-8848 

0-8080 
0-9765 

Apjohn. 

De  b  Roc^he  &  B^rard. 

'-'*/  gpi/M     fi»*   ••     •■«•     •I** 

0-2750 

0-9028 

0-9954 

Suermnmi, 

0*9069 

I  0000 

Clem.   &   Des..   De  la  RItc  & 
Maroet,  Ilftykraft,  Dulong. 

Hydrogen  gas  , 

J>-5774 

0-6640 

Clemtrnt  &  Desormes. 

3*2936 

12^3401 

0-9033 

De  la  Rot:he  &  lUrard. 

H-423 

1-0000 

De  la  Rivp  &  Marcet*  Hay- 
kniA*  Dulong. 

\   6' 1892 

20-3191 

1-3979 

Suermnon. 

21-2064 

1-4590 

Apjohn, 

CSUorineiM    

0*4074 

1*0000 

Dc  la  RiTc  &  Marc«?t. 

%'27U 

l'0:il8 

1-0000 

De  la  Roche  &  Bcrard. 

0-3138 

1-0293 

1-0005* 

Suermann. 

1-0741 

1-0480 

Apjohn. 

Vnpnur  of  wat«r , 

0-8470 

3  1360 

1  9600 

Dc  la  Roehe  &  B^^rard. 

Carbonic  oxide  gas .... 

0-3123 

1-0253 

0-9^25 

Sitenuann. 

1-0239 

0-9960 

Apjohn. 

1-0802 

1-0000 

De  bi  Rive  &  Marcet»  Dulong. 

0-2984 

1-0805 

r-0340 

De  la  Roche  Sl  Berard. 

Carbonic  add  gas    . . . .  | 

0-6557 

I  0000 

Haykraft. 

0-2124 

0'6y25 

1-0655  , 

Suermann. 

*  This  number  oannot  be  right;   for  10293  .  09757  =  I  0043. 
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Specific  BM. 

R«btive 
Heat. 

that  of 

that  of 

that  of 

I 

wut*r  ^  I 

ttir  =1 

air  =  1 

^ 

Carbonic  acid  goA    , . .  * 

1U750 

Dulong. 

0*7838 

1-1950 
1-2220 

Apjohc. 

De  ta  Rive  *t  Marcet. 

0-2210 

0"8280 

1-2583 

De  la  Um-he  ^  Berard. 

,_ 

0-9B35 

1-5000 

Clement  &.  Desormeft. 

Sulphur OQS  nctd  ^as     , . 

0-4507 

t'OOOO 

De  la  Rive  tk  Marcet. 

Sulphuretted  hydrogen 

0-8485 

10000 

t»                      If 

Hydrochor.  acid  gas    . , 

0/325 

1  '0000 

t*                      *t 

Nitrous  oxide  gas    . .  * . 

0^6557 

I'OOOO  ' 

M                                          It 

0-2240 

07354 

M229 
1-lfiOO 

Suermann. 
D  along. 

0-7827 

M930 

A(ijohn. 

0-236y 

0-8878 

1-3503 

De  la  Ruche  &  Berard. 

Nitric  oxide  gas  ,,.-., 

0D616 

1-7000 

De  la  Rire  &  Marcet. 

Ammoniaca)  gas 

l^G9tiE) 

10000 

tt                       ft 

Cyanogen  gem  ,♦....., 

0-.^547 

1-0000 

ft                              ri 

Olefiamt  g&S* «  ......  4 . 

l-OGljO 
1-5310 

riaykraft. 
Dulong. 

0^420r 

l*&763 

1-5530 
1-5309  1 

De  la  Roche  Sc  B^rarcl. 
De  k  Rive  &.  Market. 

All  gases,  according  to  Haykraft,  and  all  simple  gases  at  lea^t,  ac- 
conling  t*)  De  la  Rive  &  Marcet,  have  the  eaiiio  relative  heat:  the 
greater  relative  lieat  whicli  Hayknift  found  ia  olcfiaut  gn^  lie  attributes 
to  the  mixture  of  ether  vapour  with  the  ga*?.  But  according  to  all  other 
ohservatmiiSj  this  view  first  pronialgatca  (Gilb.  45,  321 J  but  aXterwarde 
retracted  {Gilb.  4H,  392)  by  Gay-LussaCj  in  very  doubtful. 

If  the  quantity  of  heat  re(juire<i  to  raise  by  P  the  temperature  of  air  en- 
closed in  a  vessel  with  rigid  siacs  be  assumed  =  1*000,  the  (quantity  requiretl 
to  produce  the  same  rise  of  temperature  in  an  equal  quantity  of  air  coe- 
fined  under  the  same  pressure,  in  Kuch  a  manner  that  while  the  pressure 
reuiaias  constant  it  can  eitpaud  freely  when  heated,  will  be  1*421;  and 
if  it  be  again  reduced  by  pressure  to  its  former  bulk,  this  quantity  1-421 
of  heat  corresponding  to  the  increase  of  volume  must  be  set  free.  A 
distinction  must  therefore  be  made  between  (a)  Relative  Heat  under  con- 
atant  volume,  and  (h)  Relative  Heat  under  constant  pressure  (Dulong). 
[The  relative  heats  given  in  the  table  refer  to  Ik]  Air,  oxygen,  hydrogen, 
and  carbonic  oxide  gas  have  the  same  relative  heat  under  constant  pres- 
eure;  hence  it  may  be  surmist'd  that  they  have  likewise  the  same  relative 
lieat  under  constant  volume,  and  therefore  that  they  evolve  the  same 
quantity  of  heat  when  subjected  to  tlie  same  pressure.  Carbonic  fieid 
,gas  under  the  same  pre><8ure  shows  a  rise  of  temperature  of  only  0*337'', 
nitrons  oxide  gas  of  0-343',  and  olefiant  gas  of  0-240^  If  it  bo  aj^sumed 
that  ail  gases  when  equally  compressed  evolve  the  aame  quantity  of  heat, 
these  last  three  gases  nmst  lie  supposed  to  have  greater  relative  beat  with 
reference  to  a  given  volume ;  and  this  niay  be  reckoned  (assuming  that 
of  airs:^  I)  for  carbonic  acid  gas,  0  337  :  0*421  =  }  :x^  l*24f*;  for 
nitrous  oxide  gas  ^  1*227.  and  for  olefiant  gas  :=  1  754.  To  find  the 
relative  heat  of  carbonic  acid  gas  with  reference  to  a  constant  pressure, 
we  have  the  proportion,  1-421  :  1  249  +  0"421  z=  1  :x=  1*175;  and  so 
r>n.     Afx^ording  to  these  suppositions,  all  gases  under  the  same  pressure, 
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and  wlien  equally  compressed  under  the  same  volume,  evolve  equal 
quantities  of  beat ;  and  the  rise  of  temperature  thereby  produced  variea 
inveraely  as  the  relative  heat  of  the  gas  referred  to  a  couetant  volume. 

If  the  relative  heat  of  comtnon  air  at  0  7405  metre  external  pressure 
be  equal  to  1,  the  relative  heat  of  air  under  a  pressure  of  10058  met. 
(the  density  of  which  will  be  to  that  of  the  former  =  1*3583  :  1)  will  bo 
1  ^23i>9f  according  to  Delaroche  &  Berard,^while  the  specific  heat  of  this 
condensed  air  will,  according  to  these  numbers,  be  x'l-s-f^  ^  0i^l2<>,  the 
epecilic  heat  of  air  at  the  ordinary  pressure  being  supposed  ^  1,  If  the 
relative  heat  of  air  under  a  pressure  of  0-758  met  be  assumed  =  1,  that 
of  air  at  a  pressure  of  0*370  met,  will,  according  to  Clement  &  Desormes, 
be  0-693;  at  0189  met.  it  wilt  be  0  540,  and  at  0095  met.,  0  368, 

If  the  specific  heat  of  air  at  —  20""  =  1,  that  of  air  at  -h  52"^  will  be 
1*206;  hence  the  specific  heat  of  gases  increases  with  the  temperature 
(Gav-Lussac,  Ann.  Vhim,  83,  108.  Comp.  Suermaan,  Ann,  Chim.  Fhys. 
63/327.) 

In  the  two  tables  which  follow  (pp,  241,  244}  A v»  denotes  Avogadro, — 
C.  D.  Clement  and  Desormes, — Cf,  Crawforth — Db  Daltonj — Dz,  Be- 
spret!!,— D»  M.  De  la  Rive  <fe  Marcet, — Ha,  Hcas^ — ^Kw.  Kirwan,— -Hni. 
Hermann, — Nm,  Neumann, — P.  D.  Petit  &  Dulong, — Pr.  Potter, — Rg. 
Kegnault. 

Specific  Heat  of  Liquid  and  Solid  Elementary  Bodiei  that  of  Water 

^  1  -0000, 

DiamoEd  » 0*1192   DM     Molybdennm 


Graphite,,  nnt. 

art.,,*. 

Coke'   


CbJircoal  itrong- 
Ij  ignited.... 

'         moderately 
heated  ' 

Charcoal  from 
sttgur    ...... 

^^—  from  oil  of 
tnrpentiixe^  , . 

Lamp-bUek .... 

Animal  chareoal 

PhosphoniB  . ,  ♦ , 


Sdptitir 


Seteniam  . 


Iodine  , 


Bromine  . 
Tungiten  . 


0*1192 

DM 

01469  1 

% 

0-2019 

i» 

j  0-1970 

»» 

02036 

it 

0-2017 

r( 

0-2031 

it 

0'2415 

0-2009 

DM 

0-29G4 

II 

0^592 

^f 

0-1801 

M 

0-2570 

Av 

0-2608 

Rg 

0-1887 

0-2900 

Hm 

0-.'l8&0 

At 

0-1880 

PD 

0-1900 

Dl 

0-2026  1 

Rk 

0-2090 

Nm 

0-0675 

Hm 

0-08:^4 

DM, 

0-0837  , 

Rk 

0-0541 

0-0890 

kv 

5-1350 

DM 

0-0350 

IP 

0-0364 

Rs 

Uranium  ..... 

Mangaaese  con- 

tainiag  C  . . . 

Arseaic    .. .. . 


Antimony. 


Telltiriuro 
BiamQth  . 


Ziac. 


Cadaiiam . 


Tm 


Lead. 


0-0659 

DM, 

0^0722 

RfT 

0-0619 

y* 

0-1441 

n 

00804 

Hm 

0*0810 

Av 

0-0814 

% 

0-04  70 

Nm 

0  0496 

Hm 

00508 

% 

0-0520 

Pr 

0-0515 

% 

0-0912 

PD 

0-0270 

Nm 

00288 

PD 

00308 

% 

0-0330 

Pr 

0-0927 

PD 

0-0929 

Nm 

0-0940 

Pr 

0-0955 

R^l 

0-1000 

Dl 

0-0385 

Hm 

0-0567 

Rr 

00576 

DM 

0-05H 

ir 

0'0515 

PD 

0-0560 

Pr 

0-0562 

R^ 

0-0700 

Dl 

0-0293 

PD 

0-0299 

Hm 

Lead.. 

0-0314 
00320 

0-0400 

Iron  • . ,  1 1 . « . . . 

01054 
0-1 100 

0-1130 

01138 

0-1300 

Cobalt 

0-1070 

—  coaUining  C 

0-1171 

0-1172 

01498 

Nickel 

0-1035 

0-1086 

—  ccmtaiiung  C 

oni63 

Copper 

0-0949 

0^09aO 

0-0951 

0-0960 

0-0961 

Mertary  * « * « * . 

0-0318 

00330 

0  0333 

Stiver 

0-0557 

0-0570 

0-0590 

Gold 

0-0298 
0-0324 

0  0340 

Phitiiium.,«... 

0-0314 

00324 

Panadium    .... 

0-0593 

Iridium    

0-0368 

% 

Pr 

Dl 
Hm 
PD 

Pr 

R* 
Dl 

DM 
PD 

it 

R« 

PJf 

PD 

DM 

R& 

Pr 

Hm 

DM 

Kw,Pr 

Rg 

PD 

1? 

PD 

Rg 

Pr 
PD 
Rg 


*  From  jE^ai- retorts.     •  From  Anthrncite 
*  Prom  cannel  coal  coat&inuig  4^5  per  cent 
VOL,    I. 


from  Wales  containing  3  per  cent,  of  aib. 
a^h.    ^  Faased  through  a  red-bot  t^he. 
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The  capacity  for  beat  of  any  giv^en  body  increases  with  its  tempefft- 
tare.  If  the  specifi<i  beat  of  the  foil  owing  substances  be  determined,  firet 
by  beating  them  to  100%  then  plunging  them  into  cold  water  and  observ- 
ing the  temperature  of  the  water, — secondly,  by  beating  them  to  300^ 
and  repeating  the  same  process,  tbo  following  differences  of  s}>€cific  beat 
will  be  found* 


UcAted  to 

Iron.    Mercury, 

Zinc.    Antimony. 

Silver. 

Copper.    Platinum. 

Gl&u. 

lOft^^ 

01098      0*033 

00927      00507 

0-0557 

O'09i9      0*03it5 

0*177 

300" 

01218      0035 

01015       0  0M9 

0-0611 

01013      00355 

oim 

Tboae  metalq  whose  rate  of  expansion  increases  most  rapidly  when 
they  are  heated,  likewise  increase  most  in  specific  beat;  the  relative  heat 
also  inoreases  in  so  far  aa  when  tbo  expansion  amounts  to  y^,  tbo  in- 
creaaed  capacity  for  heat  is  about  ^.  (Dulong  and  Petit.) 

The  q^iecific  heat  of  copper  U  reduced  by  violent  hammering  from 
0095  to  0*0035,  but  raised  again  by  ignition  to  0*0949;  lead  and  tin,  on 
the  contrary,  which  do  not  increase  in  specific  gravity  under  the  die,  like- 
wise Bufter  no  diminution  of  specific  heat  by  preaeure*  (RegnaaU.) 

H  Regnault  also  finds  that  soft  steel,  the  density  of  which  at  14**  C,  is 
7-8609,  hm  a  specific  heat  of  O'l  16.5 ;  bard  steel  of  density  779S2  has  a 
specific  beat  of  O^llTo^— The  specific  heat  of  soft  bdl-metal  (80  Cu  +  2a 
Sn),  which  has  a  density  of  8*6843,  is  0-0862,  while  the  same  metal  hard- 
ened, in  wliich  state  its  density  ia  8*5797,  has  a  specific  heat  of  00858* 
(Po*7^.  62,  50.) 

In  the  same  memoir  Regnault  gives  the  specific  beats  of  sereral  metals 
in  the  finely  divided  «tate,  as  determined  by  the  method  of  cooling.  The 
following  are  the  results. 


Subftancea. 


Specific  Heat  detc^nine^d  by  cooK n|5  from: 


20^  to  15°- 


15*  to  10**, 


10^  to  d'* 


Antimmiy  .,..,.*»•»*•.«  i  «,»«,..  * 

Grain  tin  , .  .«,,•••• t . . . .  ^  * » 

Banica  tin  (filings)  .....••*•*.««.», 

Zinc   ,,  ••*.««%,vi»<*»i  •• 

CadmiQin.. ..  »•  .« «.«.  •««%  «% 

Bismiith .<.%••••.., 

Arsenic ^  »..*•»  * 

Oopper  . .4.. ..•«.*.,..*.h. *.*.»* 

9pon^  platJQum , 

$ilT«rlUingg   **,,•.%*»,..» 

rt         t»        ,••••.»•.*%*.. 

Predpit&tfd  iilver: 

1.  Tery  little  pressed .*««.. 

2v  More  strongly 

3.  „  ,.......,..,.. 

4 

5*  , 

« 

7»  Strongly  hammered  and  then  nibbed 
8.  More  strongly    ....».,,..,,.. 


006124 
0-05501 
0'05f;f>2 
0'09123 
005938 
0-03539 
OO9019 
0-08847 
0-03509 
005424 
005G20 

0-08335 
0-O5B44 
0-03749 
0-05609 
0-05777 
0*06069 
0-O.')634 
005616 


0-06367 
0'05546 
0*05614 
0-09252 
005969 
0-03728 
009085 
008913 
0-03449 
0  05458 
0'05612 

0-Og44l 
0-05772 
0-05713 
0*05001 
005707 
0-06038 
0 '05671 
005624 


0*06305 
0*05477 
0*05651 
009142 
0*05908 
0*03732 

o-090oe 

0'0H842 
003509 
0051.X1 
005611 

0*08519 
005781 
0-05749 
005666 
0-05793 
0*06093 
0  05654 
005050 


The  greater  tlie  atomic  weight  of  any  substance  the  smaller  will  be 
the  number  of  atoma  of  it  rec^uired  to  make  up  a  given  absolute  weight. 


h 


SPECIFIC  HEAT. 

Sinc^,  for  example,  an  atom  of  hydrogen  weighs  1»  nn  atom  of  eulphnr  10, 
And  an  atom  of  silver  108|  a  pound  of  sulplmr  must  eontam  -^  and  a 
pound  of  silver  yi^  as  many  atojii8  tie  a  ix>iiiid  of  hydrogen.  If  then  the 
epecifc  heat  (capacity  for  heat  referred  to  a  given  weight)  of  nny  sub- 
ttance  be  multiplied  into  its  atomic  weight,  the  product  will  give  tho 
capacity  for  heat  referred  to  a  given  number  of  atom*.  This  has  been 
done  in  the  following  table,  in  which  the  data  employed  are  those  of  Do 
la  Roche  &  Berard,  Regnault,  Neumann,  and  De  la  Hivo  Si  Marcet,  as 
gtren  in  the  tables  (pp.  23D  and  241). 

Capacity  for  Meat  of  Oie  A  tarns  ofEkmtiitary  Suhtancef, 


I 


Subitnnce.    ' 

Spedf&c 
Heat. 

Atomic 
Weight. 

Product. 

Subttance. 

Specific 
Heat, 

Atomic 
Weight. 

Product, 

Oxygen  gas . . 

0-236 1 

8 

1*8888 

ADtitnoii|-   ,. 

0-0508 

129 

6*5532 

Hydrogen  ga« 

3-2936 

1 

3^2936 

Tellurium   ,. 

00515 

64 

3-2960 

Nitrogen  goa  . 

0-2754 

14 

3*8556 

Bismuths,  »« 

0-0308 

106-4 

3-2771 

Diamond  . , . . 

0'U69 

6 

0-8814 

Zinc    

0*0955 

32-2 

3-0751 

Graphite  *,  *. 

0'2010 

6 

1*2114 

Cadmium    . . 

0-0567 

55*8 

3  1639 

Chiircoal  .,.. 

0"2009 

S 

1 '20.^4 

Tin... 

0*0562 

50 

3-3158 

ft               m»   •  * 

0^2415 

6 

1-4490 

Lead  . 

0*0314 

103-8 

3*2693 

J*               • ♦   .  • 

0-2964 

0 

17784 

Iron    

0*1138 

27-2 

3-0954 

PhoBplionu  . , 

0488/  , 

31*4 

5-9250 

Cobalt 

0*1070 

29-6 

3*1672 

Sulplmr   ,..., 

0-2026 

16 

3-2416 

Nickel 

0*1086 

29-6 

3-2146 

Selenium  .... 

0*0837 

40 

3*3480 

Copper    . t .  * 

0-0951 

31  *H  ; 

3-0242 

Iodine 

0*0541 

126 

6*8!66 

Mercury ..  *. 

0-0333 

101-4 

3-3766 

Bromine  » , . . 

0-1350 

78*4 

10-5840 

SilTer..,*,. 

0*0570 

108-1 

6*1617 

Tungf  ten  . . » . 

0*0364 

95 

3*4580 

Giald    ...... 

0-0324 

199 

6*4476 

Moljrbdenuoi 

0-0722 

48 

3-4056 

Pktinuni     , . 

00324 

98-7 

3*1979 

MaRganete  ., 

0-1441 

27-6 

3'9;;2  : 

Paliadium   . . 

00593 

63*4 

3-16(JG 

ArseDiG     .  ^ . , 

0-0814 

75*2 

6*1213 

Iridium   ..,. 

0*0368 

98*7 

3*6322 

From  their  exact  determinations  of  tho  speeific  heata  of  eevoral  elo- 
meiitaiy  bodiesj  Petit  &  Dulong  deduced  the  law,  that  the  specific  heatu 
of  theee  hodie*?  vary  inverBely  as  their  atomic  weights, — so  that  an  atom  of 
any  i*implo  Bubstauce.  whether  its  volume  be  gre.it  or  small,  hHia  the  same 
capacity  for  heat,  and  re*|uires  the  same  quantity  of  heat  to  raise  it«  tem- 
perature through  a  givt^n  number  of  degree^;?,  as  an  atom  of  any  other  ele- 
mentary substance.  The  exceptions  which  they  found  to  this  rule  have 
been  for  the  mo«t  part  removed  by  the  later  obser\*ationa  of  Regnault,  as 
given  in  the  preceding  table.  In  most  substances,  the  product  of  tho 
specific  heat  into  the  atomic  weight  i^  nearly  3 '2.  Exact  agreement  is 
not  to  bo  expected,  inasmuch  aa  tne  specific  heat  of  a  body  vanes  with  ha 
density  J  and  undoubtedly  increases  to  a  great  degree  when  the  body 
passes  from  the  solid  to  the  liquid  or  ga><eou8  atate. 

With  regard  to  the  non-gaseous  substances  of  the  foregoing  tablOi  tho 
following  circumstances  may  bo  noticed.  The  deviation  in  the  case  of 
manganese  perhaps  arises  from  the  presence  of  carbon  in  the  metal  exar 
mined  by  Regnault,  and  that  in  tho  case  of  iridium  from  the  impurity  of 
the  metal. — ^Fho^phorutij  iodine,  arsenic,  antimony,  silver,  andgold^  exhibit 
twice  as  much  capacity  for  heat  in  the  same  nambcr  of  atoms  as  most 
other  substances.  This  exception  might  be  made  to  dii^appcar  by  halvings 
UH  is  don©  by  many  chemists,  the  atomic  weights  of  these  substances. 
But  if  the  atomic  weight  of  iodine  be  reduced  cue  hatf,  the  same  must 
neceasanly  bo  done  with  regard  to  hydrogen  and  nitrogen,  and  then  tho 
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specific  beat  of  these  Ixjdies  would  also  be  reduced  one  balf.  Moreover, 
thia  halving  would  render  tJie  chemical  formulio  uixnec^^ssarily  complex. 

The  capacity  for  heat  of  liquid  bromine  appeart$  to  be  three  times  as  o:reat 
as  that  of  most  elements;  but  from  the  analogy  between  this  substance 
and  iodine,  it  may  be  supposed  that  the  capacity  of  solid  bromine  is  only 
twice  aa  great  as  that  of  the  majority  of  simple  substances.  The  capacity 
for  heat  of  carbon  in  the  fonu  of  diamond  i»  {,  in  that  of  graphite  ^,  and 
in  that  of  charcoal  about  4  the  ordinary  amount.  These  exceptions  can- 
not be  explained  away;  we  cannot  treble  or  cpiadrnple,  nor  even  double, 
the  atomic  weight  of  carbon  without  incurring  great  incouYeniencei?, 

Among  gaseous  bodies,  nitrogen  conforms  most  closely  to  the  law:  for 
the  larger  product  which  it  gives  is  referable  to  the  increase  of  specific 
heat  arising  from  the  gaseous  form.  Hydrogen,  whose  specific  heat  was 
probably  estimated  too  low  by  De  la  Roche  &  Berard,  is  also  in  con- 
formity with  the  law*  Tbe  atoms  of  oxygen,  on  the  contrary,  appear  to 
have  only  half  the  ordinary  capacity  for  heat. — If  we  suppose,  with  Hay- 
kraft,  De  la  Rive,  and  others,  that  all  simple  gases  have  the  same  relatite 
heat,  and  that  the  law  of  DuloDg*k  Petit  holds  good  without  exception, — 
the  law  of  Berzelius  (p.  45)  will  be  established,  according  to  which  the 
elementary  gases  all  contain  the  game  number  of  atoms  in  the  same 
volume;  and  the  division  (p.  53)  of  gases  into  0>  2,  and  1-atomicmust  be 
considered  as  incorrect.  But  the  preceding  table  shows  that  exceptions 
to  the  law  of  Dulong  &  Petit  occur  even  among  gases.  Indeed,  if  we 
merely  compare  oxygen  and  hydrogen  with  one  another,  making  the 
atomic  weight  of  hydrogen  =  I  j  and  that  of  oxygen  =  16,  the  capacity 
for  heat  of  the  atom  of  hydrogen  will  he  3*2936  .  1  =  3'23D6,  and  that  of 
the  atom  of  oxygen  0'2301  ,  16*  ==  3'777G,^^products  which  approximate 
pretty  closely  to  those  of  other  substances*  But  if  the  atomic  weight  of 
oxygen  be  made  ^:  16,  that  of  sulphur  must  be  increased  to  32,  and  those 
of  the  metals  must  also  bo  doubled^  and  then  tbeir  product  will  not  be 
3'2,  but  6*4;  or  if  the  atomic  weight  of  sulphur  be  made  =  16,  of  oxygen 
=^  8,  and  of  hydrogen  —  0*5,  the  last  two  bodies  will  give  nearly  1'6, 
or  half  the  product  given  by  sulphur. 

All  this  being  considered,  it  is  impossible  to  get  rid  of  all  the  excep- 
tions to  the  law  of  Dulong  &  Petit;  and  since  this  law  is  not  universally 
applicable,  it  would  be  nselcs«  to  remove  a  few  only  of  the  exceptions  by 
altering  the  atomic  weights,  particularly  when  such  alterations  would 
entail  unnecessary  complexity  on  chemical  formula?.  But  these  excep- 
tions bear  a  simple  relation  to  the  genenil  law.  Thus,  if  the  capacity  for 
heat  of  an  atom  of  sulphur,  and  of  most  other  substances,  be  assumed  =  1, 
that  of  an  atom  of  diamond  will  be  ^^  |,  of  oxygen  =  ^,  of  bromine 
iodine^  phosphorns,  arsenic,  antimonyj  silver,  and  gold  =  2. 

Specifii:  Heat  ofZiqnid  and  Solid  Compounds,  that  of  Water*  =^  1*0000. 


I 


Cii«  O,  natural 
HO,  lee 

CftO, .,.,.,, 
UgO 

VO    , 


0-1073 

Nm 

07200 

CD 

0*9000 

Kw 

0"920a 

Av     I 

01 790 

A? 

0-3000 

Dl 

0'1G96 

Hm 

0-2439  1 

R« 

0-2760 

Nib 

01347 

Hm 

GO , ,,     0-2637 

UO 00764 

0-1060 

MnO.. O-UiO 

ZnO 0*1248 

0-1320 
0-1370 
04410 
0448& 
SuO I   0-0940 
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PbO. 

fo*cd 

powdered 

NiO 

heated  to  whiCeQesa 

CiiO 

BgO.. 

Mii"0* 

Pb»0*  .* 

Fc*  O*,  Bfttnral 

Ce»0>    

Al'O'^artifidml 

CcTimdimi    .  • , . 

— — -  Sopphire 

Cr«0=»    

Bi«0> 

Pef»  OS  arlilidd    , . . . 

• strongly  ig^Hed 

Fe*  O*,  Eiacn-gUn*  . . 

Si  O*,  Quarts    , 

TiO*,  artificial 

Riitilc   <,,.,,•• 

Sn  O",  artificial 

TImtotie   •«••-* 

MnO*    

BOS  vitrified    

WO» ...,,.. 

MoO^    ...,**. 

A»0^ * 

< — »  vitreous     •.,,«« 

opEiqne  .....,,. 

SbO* 

SUO* 

NaF ,.,. 

Ca  F,  Fluorspar 

«= —  ipiited  ,«.«,..* 
CuCl   


0-051)0 

0-0509 

0'0512 

0*0544 

0-1623 

0'J588 

0-1370 

0-1420 

0-1460 

0*227 

0-0490 

0*0500 

00318 

0-1651 

0-0611 

0-0650 

0-1611 

0-1678 

0-0984 

0-1963 

0-2000 

0-1942 

0-1976 

0-1972 

0*2173 

0-1796 

0-1960 

0-2126 

00605 

01 757 

0-1681 

0-1669 

0-1692 

0-1719 

0-1790 

M883 

01913 

0-1716 

0-1 6S0 

0-1703 

01724 

0-0933 

0-1110 

00900 

0^0931 

O-1910 

0-2374 

00722 

0-0798 

0-1324 

0-1279 

0-1319 

0-1410 

01309 

01320 

0-0901 

4-0953 

0-1300 

0-2678 

0-1912 

0-2082 

0-2149 

0-1383 


At 

Urn 
Hg 

Nm 

Av 
Cf 
Nm 
Ay 

Rg 

Km 

Nm 
Av 

Nm 

Rg 

Hm 

At 
Nm 

Rg 

Nm 

Rg 

Nm 
Hm 
Kg 


Rg 

Nm 
Htn 
Av 
Nm 
Bg 

Hm 

Rg 
Nm 

Rg 
At 

Hm 
Nm 
At 

Rg 

Hm 

Rg 


Hm 

Ay 
DM 

Rg 

II 
Nm 
Hm 

Nm 
Rg 


Hg*Cl 

KCl  .. 


■  fused. 


NaCl. 


-  fused. .  . , . 

■  Rock-salt , 


LCI  , 
B»  CI . 
i 

SrCl 

i 

CaCL 


■  fused. 


■  fused. 


^ —  fused. , . 
Mg  C!,  fused . 

MtiCl    

ZfiCl 

SaCl 

PbCl 

HgCl 


AgCl. 

—  fused. . 

TiCl* 

Sq  CI*    • . . . 

PCP 

AftCP    ., ,. 
K  Br,  fu*ed 
NaBr     „ 
Fb  Br     ,, 
AgBr     „ 
Cu*I       ,, 

Hg»I 

Kl........ 

fused*, 

Nal  „  .. 
Pbl  ,»  .. 
Hgl  „  ,. 
Agl  „  .. 
Cu»S, 


,  fused 


2n  S^  zinc- blende  . 


j  Su  S,  fused    . 
'PbS,  Galena. 


Fe  S.  fused    .... 
CoS      „ 

NiS     „      .... 

Hg  S,  Vermillion 


Ag  S,  faaed    

Fe  Cu  S*,  Copper  Pyrites 
Fe'  S*r  Magn«tical  Pyritca 


0*0410 
0-0496 
0-0520 
0-1403 
0-1840 
01 729 
0-2210 
0-2300 
0*2140 
0-1817 
0-2650 
0-0780 
0-0896 
0-0972 
0-1199 
0-1102 
0-1940 
0-1642 
0-1946 
0-1425 
0-1362 
0-1016 
0-0664 
0  0689 
0-0(J90 
0-0715 
0-0844 
0*0911 
0-1914 
0-1476 
0-2092 
0  1760 
0-1132 
0-1384 
0-0fi33 
00739 
0-0687 
O-0395 
00657 
0-0819 
0-0868 
0-0427 
0-0420 
0-0616 
0-1212 
0-1145 
0-1230 
0-0836 
00460 
0-0509 
0-0527 
O'053O 
0-1357 
0-1251 
0-1281 
0-0480 
0-0512 
0-0520 
0-0528 
0  0597 
0-0746 
0-1289 
0  1533 


Rg 
Hm 

% 

Hra 
At 
Rg 


Aw 

Hm 


Hm 

R« 


Nm 

R« 

At 

Rg 
Hm 

Nm 

R« 


At 

Rg 

Nm 
Hm 
DM 

% 
Nm 
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Fc?  S»,  Mttgn«tical  PyriteB 

Bi«S' .....* 

CS»    

Mo  S*,  luitujral 

AiS* 

Sn  S*f  Mosaic  gold    . » 
Fe  S",  Iroa  Pyrites    . » 


White  Iron  Pyrites 

As  S^i  pat vai    . « 

SbSV • 

nAtand  ...«•..*.» 

Fe*  A«  S*,  natural  ,.*.,. 

CoAsS*        p,      * 

Co  Ai 

Stvel,  bard. . . .  >. 

soft    . « . , , 

Steel 

Cast  iroa,  white. . « 

Fine  metal * 

B THSS *  .  * 

SnBi 

SntBi    , 

Sn*Bi^Sb 

PhSb* 

VhSa. 

PbSn*    ,.. 

PbSn*Bi   

PbSn*Bi« 

IlgSn    

HtSni *.. 

HgPb 

Ko,  no ,.... 

CaO,  HO 

Al»0',  3H0    ..,,,.., 

Fi^O^  3HO 

KO,  C0«,  dry 

fused ..,,,,, 

NaO,  cot,  dry   

• fused , , » 

BaO,  CO*,  natural..,. 

SrO,  C0»,  natural  ,.,, 

artifidal    , 

CaO,  CO*,  artificial.... 

Iceland  spar 

— *  Colcspar    ...•.,,, 

'  stAtuary  marble    , . 

»  chalk ,.,., 

' '  Arragoiiile    .,,,., 


0^1602 
0-0600 
0*1969 
0*3290 
0*1097 
0*1067 
0*1233 
0*1111 
01193 
01275 
01301 
0-1350 
0-1396 
01 332 
0*1050 
01132 
0*1244 
0-0940 
00907 
0-0995 
0*1286 
0*1012 
0*1070 
0*0920 
0*1024 
0-1080 
0-1185 
0-1298 
0-1273 
00939 
0-0400 
0*0450 
0-0461 
003B8 
0-0407 
0-0451 
0-0448 
0'0508 
00729 
0-O659 
00383 
0-358(1 
0-3000 
04000 
0-4200 
0-1880 
0-2370 
0-2162 
03060 
0-2727 
0*1078 
0-1104 
0*1445 
0-1449 
0-2030 
0-2700 
0-2i>86 
0*1945 
0-2046 
0-2158 
0-2148 
0-2018 
0-30^^ 


Hm 

DM 

ft 

Nm 

Rf 

Nm 

Rg 

Nm 

Hf 

Af 
DM 
Nm 
Av 
Nm 
Hm 

Rg 

Nm 
Hm 

Rm 
Nm 


Pr 


Av 

Dl 
Aw 


Av 

Rg 
Nm 
Rg 
Nm 

R« 
Ar 
Dl 

Rg 

Hm 
Nm 
Rg 
•» 
Nm 


Mg  0,  C  0«,  natural    . . 

0-2220 

N 

m 

CaO,    C0«   +    MgO, 

C  0»,  Bitter  spar   

0-2179 

tf 

0-2174 

^ 

Pb  O,  C  O",  artificial   , , 

0*0800 

*» 

^  Ijead  ipar 

0*081  i 

Nm 

0-0818 

Hm 

PoO,CO»,  natural  .... 

0-1820 

Nm 

0-1934 

R4C 

0-2056 

Nm 

Zircon    ,,,«. 

0*1456 
0-2018 

R« 

Nm 

Touai 

Zointe    • 

0*1940 

11 

Augite    ••■••••1 

0-1937 

Diopside    •*••***«.... 

0*1906 

Basaltic  Horablende «... 

0-1976 

Aetynolite  *..m*n  ******* 

0*2046 

TreraoUte 

0-2070 
0-1B61 
0*1911 

Adularia 

Ordinary  Felspar 

Aibite •. ., 

0-1961 
0-1926 
0-1977  1 

^m 

Labrador    «• ••«» 

G^&BS.. 

Rg 

Flint-glass  *.**.»«*«»•< 

0-1900 
0*1762 
0-2049 

ni 

Iscrine    *.  .»♦•..  <••«  ». 

Nm 

KO,  B0\  fused , 

Bff 

NaO,  BO»    

0-2571 

If 

PbO,  BO*    ,,      ...... 

0*0905 

KO,  2B0^    „      , 

0*2197 

NaO,  2B0*, 

02382 

PbO,  2BO»  , 

0*1141 

KO,  CrO^    ,. *. 

0*1850 
0-1894 
0*3490 

0*3500 

K  O,  2Cr  O^ 

HO,  SO^  ..,,•.♦,,•.. 

DM 

Dl 

KO,  SO**. 

0-1690 
0*1901 
0*2311 

0*2630 
0-1088 

Av 

fused 

Rg 

NaO,  SO*    ..,...♦.,, 

Av 

Ba  0,  S  0',  natural 

Nm 

0*1128 

Rff 

Sr  O,  S  0*.  natural  .... 

0-1356 

Nm 

0-1428 

Rg 

CaO.  SO>,  natural  .... 

0*1854 

Nm 

0*1900 

Av 

0'1966 

R« 

MgO.  SOMguited.,*. 

0*2216 

i» 

PbO,  SO»    

0-0872 
0-0840 
0-2130 

Nm 

ZnO,  SO*,dry     

At 

F€0,SO*     ,, 

0-1450 

ff 

CuO,  S0>     

01 800 

AfMitjte  * ., 

0-1787 

Hm 

3?bO,  PO*,  ftiaed  -.,. 

00798 

Rg 

2K0,  P0»,       „      .... 

0-1910 

»t 

2NaO,  P0»      „      ..,, 

0-2283 

»p 

2PbO.  PO»      * 

00821 

ti 

CaO,  P0»         , 

0-1992 

3PbO,  AsO*     „      ,,,. 

0-0728 

tt 

CflO^AaO*       ,,       

0-1563 

,. 

KO,  CIO*        

0-2096 

,, 

KO,  NO* ,,, 

0-2690 
0*2387 

Av 

fuWHi 

Rg 

A 
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NaO,  NO>  ,,., 

02400 
0-2782 
0*1334 
0-1523 
1   0-1683 
0-1433 
0-2728 
0-3020 

0*6000 
0-4450  1 
0-5100 

0-6300 

0-7600 

Av 

fused,,  ^.. ..,..,. 

BaO,N04  «.. 

Rg 
Hm 

SrO.NO*    

Rg 

Hm 

A«0»  NO*,  fused 

C«0,  S0\2H0 

AqueoQi;      Hydrcichloric 

acid  6p,  gr.  1-133.» .. 

HO,  NO^ 

Rg 

Nm 
Av 

Dl 
Hs 

2HO,  NO* 

Aqueous  Nitric  uddj  sp. 
gr.  1-36 

Dl 

Aqueous  Nitric  acid,  ip. 
gr.  1-2    , ,. 

)} 

Solution  of  ammonia,  sp. 

gr-  0-948   ,, , 

Alcohol  » 

Alcohol p , , 

^tber.,.,., ,.. 

VolAtU«  oil  from  oil -gas* 
Rock'Oil**  ,«....  *« ., 
Oil  of  turpeutme  .... 

Olrra  oil    * « • » * 

Whale-oil 


0-0300 
0-6220 
0-6320 
0-5200 
0-5500 
0  4750 
0*4930 
0-4248 
0-4620 
0-4720 
0-4880 
0*5040 
0-5200 


Dl 
Di 

DM 

DM 


D2 

Kw 
DM 


Tlie  speoiHo  Leat  of  a  compound  ia  dimmiaheil  by  iDcreafiitig  ita  den- 
sity; tlmsj  peroxide  of  iron  and  protoxide  of  nickel  liave  their  specific 
Ixcat  diminislied  by  strong  ignition,  (Hegnanlt.)— -Bimorpliism  appears  to 
exert  no  great  inffuenee  upon  specifie  heat;  e.  y,,  in  calcBpar  and  arrago- 
wite;  in  common  and  white  iron  pyrites.  (NeumanD.) — The  epeeific  heat 
of  water  at  0**  le  to  its  specific  heat  at  1 00°  as  1^000  :  TO  17 6.  (Neumann,) 

^  Regnault  in  the  THomoir  before  referred  to  {Fo^g*  62^  50)  also  gives 
the  specific  heats  of  the  foUowing  lif^uids,  detenniiied  hy  tl^o  ^iet|ied  of 
coKiling: 


LiquJdii 

Mean  Densities. 

Specific  Heats. 

20^...l5" 

is^'.ao'^ 

10^..&° 

ao^..l5^ 

15»...  lO*" 

15^..  6^ 

Mercury   <«•«<<>■<«■>■  - 

13^538 
0^8564 
0'B518 
0-8888 
0-8838 
1-2054 
1-4884 
1-7322 
2-2368 
1  5911 
1  2676 
071H5 
0-8356 
1-9348 
0*8072 
1*0898 
0*8130 
1*4582 
1*6793 
1    1-0535 

13*570 
O-8{i05 
0-8558 
0-8921 
08887 
1-2107 
1-49B3 
1-7403 
2-2492 
16001 
1-2750 
0-7241 
0»406 
1*9457 
0-8113 
1'0953 
0-8173 
1*4679 
I  0882 
1-0591 

13>53g    1 
0*8645 
0*8597 
0-8953 
0*8931 
1-2159 
1*5083 
1-7487 
2-26 1 8 
1-6091 
1*2823 
1-7297 
0-8456 
1-9567 
0-8150 
1*1010 
08217 
1*4775 
1*6970 
1*0647 

0-0290 
0-4267 
0-4501 
0*4342 
0-3932 
0-3449 
0  1904 
Q  1828 
01416 
01991 
0-2206 
0-5157 
0-4772 
0-1584 
0*6146 
0-4554 
0-6009 
0-2153 
0-2038 
04^1^ 

0-0283 
0-4156 
0-4424 
0-4325 
0-3865 
0-3478 
U-1904 
01802 
01 402 
01987 
0-2183 
0-5158 
0465G 
9-1584 
0*6017 
0*4521 
0-5868 
0-2135 
0*2024 
0*4599 

00282 

Terebene • » 

Oil  of  lemons  .«***••*«■ 

0-4154 
0-4489 

Petrokne J 

Bondn ,t  tf  «•  -» •» 

Nitro-benaid •  * . 

Chloride  of  silicon 

Bichloride  of  titanium  . ,  , , 

tJti 

Terchloridc  of  phosphorus 
Sulphuret  of  carbon  ,,.*. 
£thcr   ,  . . 

0-4321 
0*3999 
0*3524 
0*1814 
0-1810 
0*1421 
0-2017 
0*2179 
0-5207 

Hydroitiiphuric  ether .... 

Hytlrjodtc  vther 

Akiohul 

Oxalic  ether.  *  «•■•••■•« « 

0-4715 
0*1587 
0*5987 
0-4629 

Wn-fid-Bnirit.  <.■■...*»■« 

0-59Q1 

Hjrdrobromlc  ether 

Chloride  of  sulphur 

Acetic  tM^id  (gladsd) 

0-2164 
0*2048 
0*4587 

Regnaiilt  likewise  gives  the  mean  specific  heats  of  the  following  iso- 
merjo  licjuids  for  temporaturos  between  100''  and  IS"*  C, 

♦  The  rnoit  Tolatilo  of  the  oUi  which  Faradty  obtwocd  from  oil-|aki, 
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fmrtm  wmd  SSAefwmam  {Csmpia 

iUonMoaaslOToriiqwaft.    Thm 
flfo  0rt^  m  fhm  UShwiag  teUt: 


U^, 

%.Hc«U 

ou. 

Uvrid. 

SpvHe«L 

Ote. 

BjujuIm 

•'It7 

§^490 

0^17 

0^117 

1^613 

0-58728 

0-50342 

0-517 

0-52117 

0-50822 

0-60401 

0-47857 

0*41420 

A, 

F.  S. 

A,     , 
F.8- 

A. 
F.8. 

r» 

A. 

F.  8, 
f» 
f" 
f* 

AMJedhK 

Foraac«Aer 

gMlgoAcr 

Bskyiole  of  Bcdi^   •• 

Ktiltl    ..    n   ........  1 

^48344 
t-474 
0*483      1 
0-457 

0*49176 
051600 
0*46727 
0-52409 
0-50233 

0-49385 
0-49660 

F-S. 

j^l00M 

A. 

Wood  ifirii.., •..«•*, 

n 

F,  S. 

lEckcr 

Oa  of  tnrpcQtnie  .... 
TtttV"    

•* 

_ 

Asjiketber  

AMtfeaeU 

OaofkoMMS    

HTdroeuboQi: 
C'*HVB.F.  198*., 
C»*H'*,     „     235*.- 

rt 

1 

TiMttfe  odd.. ...... 

Bvtffk;  add, ,,.,,,,,. 

1 

"     % 

In  tbe  eobjoined  iMe,  the  specific  beat,  &«  f ar  a«  it  appeara  to  bave 
m  correctly  detenalneAf  i«  a^io  compared  with  tbe  atomic  weight, 
and  tlitii  tlio  capacity  for  heat  ot  eotopoood  atom;s  Is  found. 

C<xpacUy/or  Ileal  o/th^  Atoms  of  Compoundi. 


No, 

] 
% 


Hubilukoe. 


Yd..,.,. 
MftO,... 
ZnO  ..^ 

PbO 

N»0 

Mn»*>*  .. 
I'b»  O*  . . . 
F«»0*... 
Al«0»... 
Ci<0>  ... 
Ili'O*  ... 
Fr*0»  .». 

TlOi.... 

in  a*.... 

HnO*  ... 

WO*  .... 
MoO*  ... 
Ai  D»  . . , . 

«b  tP  . . . . 

Bb  tl* 

C.F...,. 
C«>€1  ... 


Specific 


0  117a 
0-7300 
O-MSO 
01847 
0*1*70 
0-1890 

o-o/»og 

0-1088 

o-oais 
o-ie^i 
oo<»u 

01«41 
0217tt 

0'170« 
O0504 

OIOJS 
O-170« 

o-oQ»a 

O'lOIO 
0'9S74 
OO708 

oiaai 

0-l«79 
OOVOl 

o-o&iia 

01888 
0*0490 


Atomic 

Weight 


7l'fl 

9 

90^ 
409 
356 
40^9 
11]  8 

a7-6 

100. 1 

843  4 

11S-4J 
514 

330g 
784 
80-8 
40-5 
7il 
496 
84-8 

110 
72 

lua 
us 

HI 

S03 

»U 
3^3 


Prodact, 


7683 
6-480 

$040 
«'415 
558Q 

6(l«3 
I8i»5-1 

20(tsa 
n-io« 

14404 
i4-JS2« 
13085 
5809 
68Q7 
0097 
8D38 
8*961 
9400 

14  731 
13-785 
15H43 
8i«i 

lafl*»a 

13386 


Na. 


15 


le 


Sabvtuce. 


KCl.. 
N«CK 

LCK. 
AgCl. 
B*CK 

CaCl. 

MgCI. 

MfiCl 

ZnCl. 

Sn  CI  . 

PbCl  . 

HgCL 

TiCl*. 

SnCl*. 

PCP  . 

A«CP 

KBr.. 

NmBr 

AgBf. 

PbBr. 

Cn«l  . 

Nftl.. 
ArI.. 

Pbl .. 

Hgl.. 
Cq»S. 


Specific-    Atomic 
UeaL     Welf^L 


0-1729 
09140 
0-9fl5O 
00911 
0-0896 
01199 
0^1642 
OI946 
OI43J 
OIJI63 
0-1016 
0-0564 
O0«89 
OlflH 
01176 
0-3002 
01760 
0  1132 

oisai 

0-073«* 
O'OSS*^ 
0Gtt87 
0  0305 
0  081& 
0086S 
OH)fllC( 
00127 
00420 
O'lall 


746 

68-0 

41-8 

143  5 

104 

79-4 

55-9 

4^-1 

63 

67*6 

94-4 

1392 

196-8 

953 

1208 

1370 

1814 

117'« 

301tf 

ims 

182-2 
I89'a 
338-8 
lOfi'2 
14S»-2 

2298 
227  4 


Product. 


19-896 

19-640 

11"077 

13079 

1^318 

9^530 

9179 

9*360; 

8^977 

9907 

9-501 

9-943 

9-493 

18-940 

iiM5a 

28786 
31926 

13  312 

1 4  061 
13-783 

9  711 
13025 
12-987 
13*630 
12-950 
14420 
9812 
9551 


79-6        0-647 


I 
I 
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No.' 

Sub»Unce. 

Specific 
Heat. 

Alj^enk 
Weigbl. 

Product. 

No. 

Substance. 

SpreiJic 

Atomic 
Weight. 

PrtKlucL 

OS 

ZnS, ........ 

0-1380 

4B% 

6B29 

2ZfO,SiO*  .. 

0144<} 

l»l-6 

13-337 

Sii  S  ........ . 

0*0636 

7A 

0-37O 

43 

KO.BO^..., 

0'3O4O 

83 

10  809 

PbS 

0-OdOlf 

iis>-a 

8-0D8 

NftO,BOa  ... 

0  2471 

06 

10-060 

Fe8    

O-IWT 
O-lMl 

0-1281 
00480 

432 

45-5 

117  4 

5-8<)3 
4-704 
4-841 
8iJ17 

44 
44 

40 

Pb  0,  B  O"  - . , 

K0,3BO»... 
Na  O,  2B  0'  - , 
PbO,  2BU'  .. 

0WU4 
0^2107 
03382 
01141 

146-6 
116  8 
100-8 
181-4 

13-267 
24  661 
24010 

Co8 

Ni  S 

HgS 

20608 

96 

AkS. ....,.., 

007^0 

J  24  4 
1   200-8 

9-2d8 
14848 

47 
48 

KO,  CrCP  ... 
KO,  3CrO'  .. 

0-1840  ' 
018i*4 

99-3 
141-4 

18-870 

27 

Bi«S> 

28-674 

as 

c  s* 

0-3200 
0-12S3 

88 
80 

12-409 
tt'864 

40 
40 

HO.SO^  .... 

K0,S03  ._, 

O-31W0 
01901 

40 
873 

17  101 

29 

MoS* .., 

16470 

SaS" 

o-iiaa 

m 

10-85<J 

NaO.SO*.... 

02311 

71-2 

16-444 

90 

Fe8« 

0-1301  ' 

^93 

7-703 

41 

BiiO.  S03 

0  1138 

116-6 

13143 

81 

A«S» ,. 

o-nii 

J  07' 3 

ll-OlO 

SrO,  SO*.... 

01428 

&2 

13-138 

82 

A»S* .,. 

o-iia^ 

1233 

13  010 

CftO,  SO*,... 

01 844 

68-4 

12-700 

8S 

SbS> 

C^OftOT 

177 

l«'04l 

MgO,SO'  ...i 

0-2316 

607  1 

I.T441 

Si 

Co  A* 

0-0820 

62 

0  042 

PbOpSO*.... 

00818 

1418 

13878 

^ 

SnBi 

00400 

i    105'4 

Q-0ia 

43 

3PbO,PO»... 

0*0708 

4068 

32468 

88 

Sii«Bt 

0-0450 

324-4 

lo-oi^d 

43 

2K  O,  P  0*  . , . 

OIOIO 

1648 

31-868 

87 

Pb^Sb 

0-0388 

3388 

isoeo 

3NiU,PO».,. 

0' 221*3 

183  8 

80-446 

88 

Pb  Sn 

00407 

162-8 

Ir02o 

44 

2PbO,PO*.,, 

0-0831 

294 

24  210 

Z9 

PbSn*  ....... 

0-04A1 

221-8 

10-008 

44 

CbO,  POa.... 

019<*2 

90-0 

19-900 

40 

KO  CO« 

0-31*}3 

002 

14-901 

46 

3PbO,  AsO>., 

0-07i8 

440  6 

32804 

NaO,  CO«  ... 

03737 

63-2 

14408 

47 

KO.A»0»  ... 

0  1.563 

1U3-4 

24S88 

41 

BaO,CO»  ,,, 

01104 

08-6 

10884 

KO,  ClOa... 

02UtiU 

122-6 

24-607 

SrO,  CO*.... 

0-1448 

74 

10-714 

KO,NO*  .».. 

03387 

101-2 

24-148 

C»0,CO".*., 

0'208§ 

flO-5 

10431 

NaO.NOa... 

0-2782 

852 

23-708 

MgO,CO«... 

0'22if0 

427 

0479 

AgO.NO*  ... 

01434 

170-1 

24100 

PbO,CO*.... 

<ioeM 

133-8 

lO-J^Ol 

48 

BaO.  NO*  ... 

^hl523 

130  6 

10  800 

FeO.CC.,. 

0-l©84 

«7'2 

lin«3 

SrO.  NO\,.. 

0  1(183 

106 

17  840 

43 

aMgo.Sio*.. 

0"30fia 

723 

14  844 

« 

C«0.S0^3H0 

0*2728 

86-4 

38-407 

Neuinann  first  sbewcd  that  atoms  of  eimilar  atoichiometncal  composi- 
tion have  the  same  aipacity  for  beat,  €.  ^.,  metallie  oxides  atidsulphtirets, — 
and  salts  of  carbonic  and  sulphuric  acid;  and  Uegnault  ehowed  tliat  tha 
«ame  law  was  further  applicable  to  many  other  series  of  componnda. 
Hennann  showed  that  in  certain  metallic  sulphurets,  the  heat-capacity  of 
the  componnd  atom  might  he  found  by  taking  the  8um  of  the  rapacities 
of  the  metal  and^  of  fiulphur  [Com p.  also  L.  C»rael»n.  (Gehler.  PhyBtk, 
W'urierbuch.  9,  14L)]  The  law  upon  which  this  ia  hailed  may,  with  a  few 
exceptions,  be  cnuixciated  a«  generally  applicable  in  the  following  terms: 
The  s^imple  atoma  by  which  a  compound  atom  is  formed,  re t^^in  therein 
the  same  capacity  for  heat  that  they  possess  when  eeparate;  and  conse- 
queutly,  the  heat-capacity  of  a  compound  atom  m  the  auni  of  the  heat- 
capacitiea  of  the  elm  pie  atoms  which  compose  it.  Some  case3  however 
can  only  be  explained  by  supposing  that  tlie  heat-capacity  of  certain  snb- 
stances,  especially  carbon  and  oxygen,  varies  by  simple  multiplea  accord- 
ing to  the  compound  in  which  they  exist.  Exact  agreement  'w  not  to  bo 
expected,  since — as  is  shown  by  the  great  differences  between  the  results 
obtained  by  diifercnt  observers — it  is  only  in  the  case  of  a  few  substances, 
that  the  specific  hent  has  been  exactly  determinedj^atid  moreover^  the 
fipecific  heat  of  tlic  same  body  varies  according  to  circumstances.  It 
must  be  especially  borne  lu  mind  that  in  all  ciu^es  when  the  specific  heat 
of  a  compound  is  determined  in  the  liquid  state,  the  heat-capacity  of  the 
atom  thus  found  is  greater  than  that  which  results  from  calculation, — un* 
doubtedly  because,  as  shown  in  the  case  of  water,  the  pa&sage  of  a  body 
from  the  solid  to  the  liquid  ^tato  is  attended  with  an  incrcaw  of  sjjccific 
heat.  Since  then  an  approximation  between  the  reaulta  of  c^ilculalion 
and  experiment  (which  latter  will  be  taken  from  the  foregoing  table  and 
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annexed  within  brackets)  ia  all  that  can  be  indicated,  wo  may  be  allowed 
to  shorten  the  numbers. 

AfcordiDg  to  the  table  (p.  243)  the  atoms  of  most  mmple  substaD^^B 
have  the  Kime  capacity  for  heat,  viz.  3*2; — lot  this  be  called  the  nomukl 
capacity. — Carbon  in  the  form  t»f  diamond  aeems  to  have  \  (0*8)  and 
oxygen  ^  (1'^)  t^f  this  normal  oajiacity:  on  the  contrary,  chlorine,  iodine, 
bromine,  pho^tphorus,  apsenio,  antimony,  silver  and  gold  (and  judging 
from  the  specific  heats  of  their  compounds,  likewise,  potassium,  sodium, 
and  lithium)  have  twice  the  normal  capacity,  viz.  6^4.  In  many  com- 
pound >*  however,  oxygen  appear?^  to  euter  with  2*4  or  f  of  the  normal 
capacity,  and  in  ice  to  ix>8seaa  tho  normal  capacity  it^lf:  similarly,  car- 
bon, sulphur,  and  nitrogen  appear  to  poj^sesy  different  capacities  for  heat, 
according  to  the  nature  of  the  compound  in  which  they  are  formed* 

l.*2Cu  6-4  +  0  1-6^  8*0  (T^CS), 

2.  H  3-2  -h  0  3-2  =  e-A  (e-4g). 

3,  Metal  3*2  +  0  2*4  =  5-6  (5*52). 
i.  SMetal  D*6  +  40  (at  2*4)  9^6  =  19'2  (19*66), 

5.  2AI  6*4  +  30  (at  1*G)  4'S  =  11*2  (11*17). 

6.  2Metal  6*4  +  30  (at  24)  =  7*2  =  13*6  (13"95). 

7.  Metal  3-2  -f  20  (at  1*6)  3*2  =  6  4  (6-59). 

8.  Mo  3*2  +  20  (at  2^4)  4-8  —  8*0  (8*33). 

9.  B  3-2  +  30  (at  1'6)  4  8  =  8*0  (B*26). 

10.  Metal  3-2  +  30  (at  2*4)  72  =  10-4  (0-51). 

11.  Metal  G*4  +  30  (at  2*4)  7*2  —  13*6  (14*26). 

12.  Sb  6*4  +  40  (at  2  4)  0*0  ^  16"0  (15^3). 

13.  Ca  3*2  +  F  6-4  =  9*6  (8'16);  accords  bnt  little. 

14.  2 Metal  6*4  +  CI  6*4—  12*8  (12*04). 

15.  Metal  6*4  -f  CI  6*4  =  12*8  (12*40), 
16:  Metal  32  +  01  6'4  ^  f>*6  (0'3l). 

17.  Metal  3*2  +  2C1  12*8  =  16  0  (18*60,  but  liimid). 

18.  P  or  As  6-4  +  3Cl  19-2  =  25-6  (30*36,  but  liquid). 
VJ.  Metal  6-4  -|-  Br.  6*4  —  12*8  (1271). 

20.  Pb  3-2  +  Br.  6-4  =  B-B  (071). 

21.  2Metal  6-4  +  I  6*4  ^  12'8  (13-0). 

22.  Metal  6'4  +  I  6*4  =  12'8  (13  6). 

23.  Metal  3*2  -f  I  6  4  =  U'6  (0-63); 

24.  2Cu  6-4  ^  S  3-2  «  O'O  (9*6.5). 
2.1,  Metal  3*2  +  S  3*2  =  6*4  (5 7.... 6*3).  This  large  variation  male es  it 

probable  that  snlphnr  enterBinto  many  of  these  compounds  with  a  smaller 
capacity  for  heat,  perhaps  =  2*4. 

26.  Ag  6*4  +  S  3-2  =  0'6  (926). 

27.  2Bi  6'4  -f  38  0*6  =  16*0  (15*6.5). 

28.  If  the  carbon  iu  this  componnd  be  supposed  to  posaess  S  tiroes  the 
capacity  for  lieat  which  it  has  in  the  diamond^  or  twice  the  normal 
capacity,  we  shall  have  :  C  6'4  +  2S  6*4  =:  12*8  (12*5). 

29.^  Metal  3*2  +  2S  6*4  ^  9'G  (10*36). 

30.  Fe  3*2  +  2S  (at  2'4)  4*8  =  8'0  (7*7), 

31.  As  6*4  +  2S  6*4  ^  12*8  (U'O). 

32.  As  6*4  -h  3S  (at  2*4)  7'2  -  13*6  {13"D5). 

33.  Sh  6-4  -I-  3S  (at  3'2)  9'6  —  16*0  (J6*0j). 

34.  Co  3*2  4-  As  6*4  :=  9*6  (9*64). 

35.  Sn  3*2  +  Bi  3-2  =  6*4  (6  6). 

*  Tbeie  numbm  refer  to  tbotc  in  the  fint  column  of  th«  Ubl«  (pp.  348,  249). 
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36.  2Sn  ix4  -f-  Bi  3'2  -  9'G  (10*1). 

37.  2Pb  tf'4,  Sb  6'4  ==  12^8  (13'06), 

38.  Like  35;  39  like  36. 

40.  K  0  {K  6-4  +  0  2*4)  8-8  +  C  0'  (C  I'G  +  20  at  2*4  ^  4*8)  5'6 
=  H  4(U^^ 14-9). 

41.  Mot.  0  (according  to  3)  5 '6  +  CO^  (acoordiog  to  40)  5*6  =  11^2 
(lO'vU):  not  sufficiently  near, 

42.  Doe^  not  give  a  sat ia factory  result 

43.  KO  8^8  +  B  0'  (according  to  B)  8-0  =:  16-8  (16-8...ja'9). 

44.  Pb  0  (according  to  3)  5  0  +  B  0'  8'0  =  13^6  (ia-27). 
43,  KO  8  8  +  2B0=  Itf'O  =  24'8  (24'0....257). 

46.  Pb0  5-6-f  2B0=^  lO'O  =  21*6  (207). 

47.  KO  8*8  ^  Cr  0'  (Cr  3*2  -h  30,  at  2'4  ^  7-2)  10'4  -  19*2  (18'4). 

48.  KO  8^8  +  2CtO^  20*8  =  20^6  (28*4 ), 

49.  H  O  (according  to  2)  6*4  -f  S  0^  (S  3*2  +  30  at*1-e  —  i'B)  S'O 
^14  4  (17*1):  does  not  agreo. 

50.  KO  8-8  4'  SO^  8*0  -  16-8  (16*4,,..  16-6). 

51.  Met.  0  5'6  +  S  0^  8*0  —  136  (13"06). 

52.  3PbO  (3.5-6)  16*8  +  P  0*  (P  6*4  +  50  at  1*6  =  8*0)  14-4  = 
31*2  (32 -46). 

53.  2K0  (2,8-8)  17'6  +  POM 4*4  =  32*0  (30'5....31'7> 

54.  2PbO  (2. 5"6)  11*2  +  PO'^  14'4  =  25'6  (24*2) 

55.  CaO  ,5-6  +  PO"  14*4  =  20'0  (19  9). 

56.  3PbO  (3.5*6)  16-8  +  AsO*  14*4  =  31*2  (32*8). 

57.  K  0  8*8  +  As  0*  14*4  =  23*2  (25*4),— Since  K  0,  CI  0*  and  K  0^ 
N  0*  eiLibit  tie  same  capacity,  tliat  of  CI  0*  and  N  0*  as  well  as  tliat  of 
As  0'  must  be  14'4;  hence  nitrogen  in  nitric  acid  must  have  twice  the 
uaual  capacity. 

58.  B.iO  0*6  +  N0M4*4  =  20  0  (17*8  . , ,  19"9). 

5p.  Ca  0  5-6  +  S  0^  8  0  +  2H  0  (2  ,  6*4)  12-8  ^  26*4  (23*6)  :  a  very 
coii.*{|*Icrable  difTcrenoe. 

H.  Schriider  {Pogg,  52,  269)  proceeds  upon  the  samo  principles.  Ho 
likewise  supposes  that  certain  substances  may  possess  diflerotit  atomic 
heat-capacities  according  to  the  compounds  in  which  they  exist,  and 
brings  this  alteration  of  the  capacity  of  a  substance  into  connection  with 
the  change  in  its  e^inivalent  volume :  so  that  the  befit-capacity  of  a  bod^ 
is  smallest  in  that  coniponnd  into  which  it  enters  with  the  smallest  equi- 
valent volume  (compare  pp.  73 — ^78).  Oiygen^  «,  g.  enters  with  a  capa- 
city of  2*4  into  tht>sc  iom pounds  in  which  its  ei^uivalent  volume  is  2*7 
(utoraio  weight  of  oxygen  ^  8),  viz.  compouuils  of  1  atom  of  metal  with 
1  At  oxygen,  of  2  At,  metal  with  3,  and  of  3  At.  metal  with  4  At. 
oxygen;  and  with  the  capacity  of  hS  (J  of  2*4)  into  those  compounds  in 
whicli  its  volume  is  1*35,  viz.  com|>ounds  of  1  At.  metal  with  2  At. 
oxygen.  Similarly,  with  the  compounds  of  sulphur  and  other  subatanceS| 
as  may  be  seen  more  in  detail  in  the  original  memoir. 

It  nmy  perhaps  be  regarded  as  certain  that  tho  heat-capacity  of  the 
atoms  of  compounds  must  be  smaller,  the  more  strongly  their  elementa 
are  condensed.  This  is  likewise  seen  (not  however  in  ail  cases)  on  ap- 
plying the  method  of  calculating  condensation  given  on  i>age  77.  The 
smaller  the  divi.Ror,  the  greater  is  the  number  of  compound  atoms  in  the 
iftme  sjpacej  and  the  greater  therefore  is  the  condensation  of  the  elements 
in  the  compound.  According  to  page  77»  the  divisor  for  Fe  S^  is  6;  for 
Mo  S*,  7;  for  Sn  S*,  8j — and  according  to  the  table  p.  249,  the  heat-capacity 
of  Fe  S*  ia  7*702;  of  Mo  S»,  0*864;  and  of  Sn  S*,  10'856.— These  ob*erw 
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tions  on  tLe  connGction  betwecD  iho  coBdensation  and  liont-capacity  of 
elements  in  their  conipounde  may  suffic^^  for  tbe  present,  till  the  mode  of 
calculating  tbe  condensation  of  elements  iu  compounds  ehall  have  beeo 
determined  with  greater  accuracy. 

Avogadro's  method  of  calculating  the  heat- capacity  of  compound 
atoms  appears  to  be  founded  on  hypotheses  of  too  bold  a  characteFj  and 
therefore  inadmissible. 

Tbe  capacity  of  bodies  for  heat  may  be  attributed  to  their  adhesion  to 
that  element ;  and  this  adhesion  in  tbe  atoms  of  most  bodies  may  be  sup- 
posed to  be  of  the  esame  strength, — so  that  these  atoms,  when  immersed  in 
a  uniform  medium  of  beat  and  exposed  to  the  Bame  temperature,  will 
absorb  equal  quantities  of  heat.  Since  the  beat  which  is  attached  to 
bodies  by  adhesion  and  expands  them  has  lost  absolutely  nothing  of  its 
elasticity,  and  leaves  the  bodies  as  soon  the  temperature  of  any  neigh- 
bouring body  becomes  lower,  even  in  the  slightest  degree,  tbe  beat  thus 
retained  in  bodies  is  called  Free,  Uncomblntd,  Semibk  Hcai^, 

Chemical  Relatioks. 

L  Oomhinatiofis  of  Meat  with  Ponderable  Bodies^  comtUntin^  Fluids, 

All  ponderable  fluids,  whether  liquids  or  gases,  maybe  regarded  afli 
chemical  combinatmns  of  ponderable  substances  with  a  certain  excess  of  i 
beat:  in  tbe  absence  of  heat^  all  ponderable  bodies  wonhl  exist  in  the 
solid  state. 

Substances  wbich  are  solid  at  comparatively  low  tenqjeratures  assume  j 
the  liquid  and  gaseous  states  at  higher  temperatures.     With  this  change 
in  their  state  of  aggregation,  part  of  tbe  heat  becomes  insensible,  both  to 

*  ClemcTit  5c  Desormes  consider  that  even  a  vacuurai  has  a  certain  capacitj  for 
heat,  and  they  estimate  this  capacity  at  0"41,  tliat  of  an  equal  balk  of  air  being  assumed 
=  L  But  Gay-Luesac  ha*  shown  that  if  a  Torricellian  vacuum  be  produced  in  a  tube 
0*075  metres  in.  width*  and  containing  a  delicate  thermometert  no  heating  or  cooling 
takes  place  on  alternately  contractiog  and  enlarging  the  empty  space  by  moving  the 
mercury  quickly  np  and  down^  unless  a  portion  of  air  be  present  (Comp,  Prevost,  Ann* 
CAim.  Phy$.  31,  429).  On  t!ie  other  hand,  Clemetit  h  Dcsormes  admit t<Hi  air  into  an 
imperfect  vacuum  produced  by  the  air-pump,  and  attributed  the  rise  of  temperature  | 
thereby  prodyced  to  that  portion  of  he^it  which  was  driven  out  of  the  empty  space  by 
the  aif  which  entered^  But  this  rise  of  temperature  may  be  better  explained  on  the 
auppoaitiou  that  the  air  still  ront»iined  in  the  vessel,  as  well  as  thst  which  lirst  etitcrs,  is 
compressed  by  the  portion  which  follows^  and  thus  its  specifie  heat  is  diminished.  Aug^ 
de  ta  Rive  ^  F.  Marcet  have  also  ahown  {Bibi.  tmir.  22,  265)  that  when  a  thermo- 
meter  is  placed  in  the  vacuum,  close  to  the  opening  at  which  the  air  enters,  it  einke-i 
during  the  first  two  or  three  seconds  when  the  air  entersj  and  afterwards  rises,  showtii(f  | 
tliat  the  air  which  first  enters  ahsorhs  heat  in  consequence  of  its  expansion,  and  after- 
wards evolves  it  when  compressed  by  the  portions  which  subsequently  enter.  Tlie  fol- 
lowing experiment  likewise  gives  a  similar  result.  When  oil.gas,  compressed  to  3ft 
Atmospheres,  is  made  to  l^ow  int(»  a  cylinder  3  feet  long,  and  closed  at  the  further  end, 
that  end  becomes  very  warm,  and  the  end  at  which  the  gas  enters  very  cold  (Qtt.  X  qjf 
Moy,  Inti.  N.  S.  2,  47-1;  also  ScAu\  51,  106).-— If  capacity  for  heat  be  due  to  the  adhe* 
iton  of  heat  to  ponderable  bodies,  such  capacity  can  scarcely  be  ascribed  to  a  vacuum. 
On  the  other  hand,  the  presence  of  a  ccrtaun  quantity  of  heat  in  the  vacuum  cannot  be 
denied.  For  the  adhesion  of  the  heat  to  the  solid  walls  of  the  empty  si>acv  cannot  over- 
come its  expansive  force  to  such  an  extent  as  to  prevent  any  of  it  from  remaining  in  the 
empty  ppnre;  and  the  hotter  the  walla  are,  the  greater  will  be  the  quantity  of  heat  left 
in  the  free  unabsorbed  state;  or,  according  to  the  ordinary  view,  the  opposite  walls  of 
the  vacuum  emit  and  receive  rays  of  heat  through  it,  and,  consequently,  the  vacuum 
must  he  filled  with  these  rays  of  heat,  crossing  each  other  in  all  directions. 
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tlie  feelingtf  and  to  tlie  tbermoiuc^ler,  being  then  in  a  state  of  cbemical 
comln nation,  and  thereby  deprived,  to  a  certain  extent^  of  its  elasticity. 
When  tlieso  hodies  return  to  their  former  tit  ate  of  aggregation,  this  portion 
uf  heat  is  set  free  and  again  becomes  sensible  to  the  feelings  and  to  the 
thermometer.  The  boat  thus  combined  with  ponderable  bodies  in  the 
liquid  Btate  is  thence  called  Combined  or  Latent  Umij  inasmuch  as  ita 
tendency  to  equilibrium  m  to  a  certain  extent  overcome  by  the  adhesion 
of  the  ponderable  substance;  likewise  Heat  of  Flukiiti^j  inasmuch  as  it  b 
regarded  aa  the  cause  of  Huidity  in  ponderable  bodies.  It  is  however 
probable  tliat  eolid  bodies  also  contain  heat  chemically  combined  with 
them,  us  will  be  seen  by  IL — It  appears  then  that  a  body  may  contain 
heat  in  two  states, — firat,  chemically  combiuedj — secondly,  retained  by 
adheeion. 

1,  Formation  of  Liquids. 

A  solid  body,  situated  in  a  cold  medium  into  which  heat  is  gradually 
introduced,  becomes  capable,  when  the  medium  htiH  attained  a  certain 
temperature,  of  fixing  a  portion  of  the  heat,^ — and,  if  subjected  to  external 
pressure,  form.^a  liquid  by  combining  with  it.  The  temperature  at  which 
this  fusion  takeB  place — the  Melting  Fmnt  as  it  is  called, — is  very  diffe- 
rent in  different  substances.  The^freater  their  affinity  for  heat,  the  sooner 
do  they  fix  it  even  when  ditFused  through  the  medium  in  very  small 
quantity ;  the  smaller  the  affinity,  the  greater  must  bo  the  quantity  of 
heat  collected  in  and  alwut  the  bodies  in  order  that  its  expansive  ten- 
dency may  be  overcome  by  tiiat  affinity.— Alcohol  is  liquid  at  -^  90**, 
mercury  fuses  at  —  40^,  ice  above  0',  snlpliur  at  -f  109",  many  metals 
below  a  red  heat,  others  not  till  raised  to  the  highest  attainable  temj>e- 
ralurce,  and  carbon  probably  not  at  any  temperature  hitherto  produced. 
Hence  the  distinction  between  easily  fusible  and  refractory  mibstancts-^ 
Corporn  fusibUm  and  rffracktrtu.  Those  compounds  only  are  infusible 
which  decompose  beh>w  their  melting  point;  <?.  ff,  wood. — The  lique- 
faction of  many  substances  is  preceded  by  a  softening  which  renders  their 
particle.^  capable  of  sticking  together:  f,  y,  the  weUiing  of  iron  and  other 
metals,  baking  of  porcelain,  softening  of  wax. 

The  melting  point  of  each  individual  body  Is  perfectly  constant :  for 
as  long  as  any  of  the  substance  remains  to  be  fused,  it  renders  latent  any 
c^oantity  of  beat  which  may  bo  added  in  excess;  and  it  is  not  till  the 
fusion  is  quite  complete,  that  a  further  accession  of  heat  causes  the  tem- 
perature to  rise.  If,  on  the  contrary,  tlie  quantity  of  heat  in  the  sur- 
rounding medium  be  diminished,  the  liquid  previously  formed  first  gives 
up  to  the  medium  merely  that  uucombined  portion  of  heat  by  which  ita 
temperature  had  lieen  raised  above  the  melting  point :  but  if  the  tempe- 
rature of  the  medium  ultimately  falls  below  the  melting  pointy  the  ten* 
dency  of  the  lieat  to  diffuse  itself  through  the  surrounding  medium  over- 
comes ita  affinity  for  the  solid  body,,  the  heat  leaves  the  ponderable 
matter,  and  the  latter  returns  to  the  liquid  state.  The  temperature  at 
which  a  body  solidifies,  or  the  Freeziny  Foint,  generally  coincides  with 
the  melting  point;  for  just  as  when  heat  is  communicated  to  a  solid  body, 
the  temperature  of  that  body  docs  not  rise  above  its  melting  point,  till  it 
h.is  absorbed  the  quantity  of  heat  required  to  melt  it»— so,  on  the  other 
hand,  a  liquid  does  not  generally  cool  below  the  melting  point  until  com- 
pletely solidified, — because,  so  long  as  an^r  portion  of  the  substance  re- 
mains in  the  liquid  state,  the  abstraction  of  beat  from  without  is  compen- 
sated  by  the  conversion  of  latent  into  sensible  heat,     Neyertheless,  mme 
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liquids,  €,  g.  water,  when  kept  perfectly  at  rest,  may  he  cooled  several 
degrees  below  tbo  raeUtti^  point,  ami  in  many  ca^a  will  solitiify  inetAn- 
taneously,  partieulariy  wtiea  disturbedi  the  temperature  at  the  same  time 
riaing  to  the  mcltiag  point,  {Yid.  pp.  J),  10.) — Respectiug  tbe  difficult 
freezing  of  water  in  veseela  exhausted  of  air,  vid,  August  and  Kries. 
{Pogg.  52,  184,  and  ^3^.) 

Pure  water  when  agitated  can  be  cooled  but  very  little  below  tbe 
melting  point ;  but  with  aqueous  aohitiona  of  ealts^  even  when  they  are 
etrongiy  agitateil,  the  cooling  may  bo  carried  a  decree  or  even  several 
degrees  below  tbe  melting  point, — the  material  (whether  glass,  leader | 
copper,  of  which  the  veseol  consists,  appearing  to  have  no  influence  on 
the  reeult.  (Deapreti.) 

a.  Quantity  of  t^alt  dissolved  in  1000  parts  of  water. 

h.  Maximum  of  cooling,  before  solidification,  of  a  saline  solntion  coE- 
tained  in  a  copper  vessel  surrounded  with  a  freezing  mtxiuitj  and  stirred, 

c.  Molting  point,  or  temperature  at  the  commencement  of  solidifi- 
cation. 


Drj  Cjurbonste  of  Sod&. 

Drj  Carbonate 
of  Soda. 

Common  Salt. 

Chloride  of 
Sodmm* 

ff. 

h. 

c. 

h,         c. 

b. 

e. 

h,             c. 

6173 

lir 

oir 

l-2r       0-24° 

0-42' 

O'Sfi** 

1-38"       0-23** 

l2-3t6 

2'2§ 

0-37 

1*53         0-16 

1-20 

0'71 

0-53 

24-692 

2-41 

07d 

1-44         0-93 

2 '25 

1-41 

112         103 

37-039 

2-73 

M6 

2-77 

212 

3-92         1'61 

74-078 

2-26 

1-2G 

5-35 

4-34 

5-39         3-56 

148-156 

5*0^ 

1-82 

9-83 

9-20 

9-99        8-91 

When  more  than  24-693  parts  of  carbonate  of  soda  are  dissolved  in 
1000  parts  of  water,  tbe  solution  when  agitated  deposits  crystals  of  tlit] 
salt  iustcjid  of  ice*     It  is  remarkable  that  tbe  efflorescent,  less  soluble  j 
carbonate  of  soda  lowers  the  freezing  point  of  water  more  than  carbonate  \ 
of  potash ;  on  tbo  other  haml,  the  more  soluble  sulphate  of  soda  lowers  it 
further  than  sulphate  of  potash*  (Despret«,) 

When  ice  at  O""  is  mixed  with  an  equal  quantity  of  water  at  75**,  i 
tbe  ice  melts  and  tbe  water  producod  has  the  temperature  of  0**.  Con^-I 
sequently,  75  degrees  of  heat  (=  135'  Fab.)  are  absorbed  from  the  wato 
and  enter  into  a  state  of  chemical  combination,  in  order  to  convert  an] 
equal  quantity  of  ice  at  0"*  into  water  at  0"^,  If  water  at  0^  bo  mixed 
with  ice  below  0^  the  water  freezes, — and  tbe  temperature  of  tbe  ice,  when 
the  right  proportions  have  been  observed,  rises  to  O''.  lib,  of  ice  at 
—  TS''  mixed  with  lib.  of  water  at  0"*  would  give  21b,  of  ico  at  0^  In 
this  case,  latent  heat  is  set  free  and  raises  the  temperature  of  the  ice* 

Whilst,  according  to  this  result,  the  latent  heat  of  water  appears  to  bd 
75^  that  of  tin  is  only  13-3 14^  and  of  lead  5'358\  (Hudberg,  Pogi),  1% 
125;  comp.  G.  A*  Emian,  A.  &  F,  Swunberg,  Dospretz,  Poffg.  20/282; 
2(3,  2ril;  52,  177).  According  to  the  last  mentioned  observers,  latent 
heat,  like  epccifie  heat,  appears  to  vary  nearly  in  the  inverse  ratio  of  the 
atomic  weights  of  the  bodies. 

%  De  la  Pfovostaye  Sr  Desains  make  the  latent  beat  of  watetJ 
=  79*25  C. ;  Regnault  found  it  to  be  7fi"24  by  one  experiment,  audi 
79»0e  by  another.     The  mean  of  tho»o  resnlta  is  79*2'*  =  142'6'*  (Pah.) 
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PeiMm  {Pii>9^  ^Oy  300  $  21.  Ann.  Oiitn.  Fhyi.  i21>  %95i  abatr.  Ann. 
Ckem.  Fharm.  74,  179)  has  determined  the  latent  heat  of  fusion  of  18 
mibetances,  and  likewise  their  specific  heat  in  the  liquid  state.  The  fol- 
lowing are  the  results : 

Latent  Beat. 


Substances. 


Latent  Heat  for  the 
imit  of  weight. 


Tin  •»...«•»«%«%...«..  •%..»^% 

Bismath  .v « 

Lesd    

Ziiic...«  ..••..» k., .. .. 

D'Aroet's  alloy.  Pb«Sii«Bi> 

Fanble  metal.  Fb  Sn*  Hi 

Phosphorus • 

6«lplrar  ,,. 

Nitrateofioda    «.•« «.• 

Nitrate  of  potash ».••... 

Phosphate  of  soda,  P  0>,  2Na  0, 24H  O 

Chloride  of  calcium,  Ca  CI,  €H  O ^ 

Bees-wax  (yeUow) 


14-3** 
12-4 
515 
27-46 
5-96 
7-63 
5034 
9-368 
62*98 
47-371 
54-65 
45-79 
43-51 


SpecifitBeaL 


Sabstances. 


Temperatures  between  which  the 
specific  heat  was  determined. 


Specific 
Heat. 


Thi 


Btsnvtii  •••.•..•••••«•••( 

Lead  •.. 

D'Aroet's  alloy,  Pb«  Sn«  W  , 


Fusible  metal,  Pb  Sn*  Bi   .,«••..... 

Phosphorus 

Sulphur   .,.,••... *.%• 

Nitrate  of  soda 

Nitrate  of  potash 

Phosphate  of  soda,  2Na  O, P  0»  +  24HO 

>»  »» 

Chloride  of  calcium,  Ca  CI,  6H  O   •  • 


Beeswax  (yellow) 


tee 


The  latent  heal  I  of  these  bodies  may  be  expressed  by  the  formula 

(160  '\-t)i—l 

where  t  denotes  the  mehi&g  point  in  centigrade  degrees,  *=  C  —  c  the 
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difference  of  Bpecific  heat  in  lli©  solid  (  =  c)  imd  tUe  liquid  state  (  =  C  ). 
For  example,  we  have 


Subitances* 


Water  . .  , . , 

Phosphorus  .«•..* 

Sulphur 

Nitrnte  of  soda  , . . 
,f       potasli. . 


Melting 
point. 


0« 
U2 
115 

510*5 
339 


Specific  Beat  in  tlie 
solid  state.       liquid  state. 


0*504 

0*1"88 

0*20295 

0'2;H21 

023875 


I'OOOO 
0-2045 
0-234 
0  413 
0^33196 


Latent  Heat. 
obierred.       calcuUtcd. 


79-25 
5034 

9*368 
62*975 
47-371 


79-20 
5-243 
9'35a 

63*4 
46*462 


The  above  equation  shows  tbat^ — To  obtain  tlte  iatnU  heat  of  a  bodt/, 
ifie  difference  of  iU  two  specific  heat^  vimt  be  repeated  as  many  tima  as 
t?tere  are  decrees  between  —100^  aiid  its  meUing  point. 

From  this  it  is  probable  that  — lOO^C.  or  —256°  P.  is  the  absoltite 
zero  of  heat;  since  othcrwieo  we  shall  be  obliged  to  admit  that,  at  tem- 
peratures below  —160%  the  difference  between  the  specific  beata  in  the 
aolid  and  liquid  states  must  for  all  bodies  be  equal  to  notliin|[j. 

The  preceding^  formula  is  not  applicable  to  the  metals,  inasmuch  as  for 
these  bodies  the  value  of  ^  ia  ahuost  nothing.  Person  is  however  of 
opinion  llial  if  the  metals  could  be  retained  in  the  liquid  state  below 
their  ordinary  melting  points,  their  specific  heat  (=C)  in  this  state 
would  be  found  to  be  much  greater  than  it  is  at  tern pe rata rea  above  the 
melting  point,  and  consequently  ^  =  C  —  c  would  have  a  more  consider- 
able value. 

According  lo  Person,  the  latent  heat  of  fluidity  is  not  a  constant 
quantity,  but,  like  the  latent  heat  of  vapori station,  variable  witJt  the  tem- 
perature. Thus,  1  kihigramme  of  ice  at  —  20'  C,  requires  10  units  of 
heat  to  bring  it  to  0^  and  79*2  units  to  melt  it;  in  all  therefore  80 "2  unita. 
Now  if  water  at  0  '  be  cooled  to  ^20%  it  loses  20  units  *jf  heat, — ^since, 
aceordiiig  to  Pergon's  experiments,  the  specific  beat  of  water  does  not 
alter  ecuiftiblyat  temJ:^eraturea  below  0  .  Consequently,  when  it  freezes,  it 
can  only  give  up  80*2  —  20  =  01i"2  units  of  heat.  IT. 

Most  hodics  contract  in  passing  from  tlie  liquid  to  the  solid  state; 
tJie  following  only  are  known  to  expand  in  undergoing  this  change :  water, 
bismuth,  and  cast-iron, according  to  Reaumur;  copper,  according  to  Karsten; 
silver  according  to  Persoz  (Chim.  mokcid.  240);  certain  alloys  of  bismuth, 
and  likewise  oxide  of  lead,  according  to  Manx.  The  expansion  of  anti- 
mony, obi^crved  by  Ri^^umur,  is  not  confirmed  by  the  experiments  of 
Manx,  Water,  according  to  Leroyor  ^  Mumas,  expands  in  freezing  by 
yV  of  itfl  volume;  bismuth,  according  to  Manx,  at  least  y'y.  Solid  pieces 
of  these  substances  float  on  the  melted  portion.  The  outer  portion  of 
these  liquids  being  generally  the  first  to  solidify,  the  enclosed  portion 
which  still  remains  liquid  splits  the  solid  crust  or  the  vessel  in  cooling, 
and  forms  an  oj>ening  hy  which  a  portion  flows  out.  Melted  Idsrauth 
drawn  wp  into  aglasstuhe  bursts  it  in  solidifying.  (Marx,  SchiP*  58,454; 
J,  pr.  Chem,  22,  135.)  This  expansion  seems  to  be  connected  with  the 
fact  that  auch  bodiea,  water,  e,  tj.^  attain  their  greatest  density  several 
degrees  above  their  freezing  points*  and  when  cooled  below  the  particular 
temperature  which  gives  the  maximum  density,  expand  more  and  more 
m  tliey  approach  the  freezing  point,  (p.  225,) 

Metallic  alloys  often  exhibit  two  Bolidifying  points,  that  h  io  say,— 
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wLen  tljo  molteJ  mn^s  is  cooling,  the  tempomture  remains  constant  for 
some  tiino  at  two  iliirereiit  paints.  Tlijii  takes  plaeo  wheii  tlie  nieliil^  are 
not  cmnblned  in  the  stoichioinutrical  prui>nrtion  in  which  they  unite  into 
a  Bolid  compound :  in  such  a  ctLne  the  metal  which  is  in  exeetfs  solidifies 
first,  and  the  more  intimate  compound  at  a  lower  temperature.  {Pogg* 
18,  240.) 

On  tlie  corapressihilityof  liquids — which  is  of  very  small  amount,  and 
at  least  in  the  casso  of  water  followa  Mariotto*a  law — viiL  Oersted  {Schm, 
52,  l»}i  Coliadon  &  Sturm,  (Ann,  Ohim-  Fkys.  35,  113;  also  Fogg,  12, 
39,  auU  101.) 

2,  Taporization. 

All  ponderable  substances  have  an  affinity  for  heat,  in  consequence  of 
which  they  endeavour  to  combine  >vith  it  and  form  Elastic  FluUh  or 
{/itifff.  Every  f^as  consists,  therefore,  tjf  heat  and  a  ponderable  substance, 
the  Fimderablf  Basis  or  Material. 

Thi^^  affinity  differs  greatly  in  amount.  Substances  which  have  great 
tendency  to  assume  the  gaseous  form  are  called  Volatilf;  those  in  which 
this  tenilency  is  «mall  are  allied  Fi^ed;  Corpora  volatlfm  and  Jixa,  On 
the  whole,  tlie  volatility  of  bodies  follows  the  same  order  as  their  fusi- 
bility; nevertheless,  water  is  more  volatile  than  mercury  or  oil  of  vitriol, 
—The  nif^re  intimate  the  union  between  the  ponderable  body  and  beat, 
the  greater  is  tlie  difficulty  of  depriving  the  body  of  it^  gaseous  fonn  by 
external  pressure  and  cooling, — the  more  permanent,  therefore,  is  the  gas. 
A  gradual  tmnsition  nevertheless  exists  from  those  ga^es  which  are  either 
not  condensable  at  all,  like  oxygen,  or  only  by  very  strong  pressure  and 
cooling,  like  carbonic  acid,— to  those  which,  like  the  vajiour  of  iron,  exist 
only  at  the  highest  known  temperatures.  Gases  may  therefore  be  divided 
into  Pertnanfjtt  Gme^j  which  retain  their  gaseous  form  under  the  ordinary 
atniosplieric  pressure  and  at  Q"",  and  Vapourg  which,  under  these  circum' 
stances,  return  to  the  liquid  or  the  solid  state. 

Heat  is  contained  in  gases  in  larger  quantity  than  in  rupids;  it  pre- 
dominates in  them,  overcomes  the  cohesion  of  their  ponderable  matter, 
and  imparts  to  them,  on  the  contrary,  a  tendency  to  expand  without  limit 
when  nc^t  prevented  by  external  obstacles.  This  expansive  tendency  of 
gases  is  their  ElaMidtg  or  Tttuion.  In  the  same  gas,  and  at  the  same 
temperature,  the  tension  varies,  according  to  Mario tte*s  law,  in  the  direct 
ratio  of  tho  density, ^ — It  is  only  when  gases  are  brought  by  pressure  and 
cooling  near  the  point  at  which  they  assume  the  liquid  form,  tliat  the 
density  increases  somewhat  more  rapidly  than  the  elasticity. — This  pecu- 
liarity is  exhibited  not  only  by  vapours,  but  also  by  those  more  perma- 
nent gases  which  may  be  liquefied  by  strong  pressure,  t\  g,^  sulphuretted 
hydrogen,  ammonia,  cyanogen,  and  (according  to  Oersted)  snlphnrousacid 
gas.  If  equal  measures  of  air  and  ammoniaeal  gas  are  expost>d  to  the 
same  pressure,  the  latter  is  con  den  Bed  in  a  higher  degree,  as  if  it  were 
exposed  to  a  stronger  pressure,  and  this  ditTerenoe  increases  considerably 
as  the  pressure  becomes  greater : 


Air  ...., 1-819  Met. 

Ammoiuacal  gas,, ««      r850     ,r 


2*582  Met.. 
2'663 


3-863  Met. 
4-132     „ 


A  condensation  of  air  corresponding  to  a  pressure  of  3 "863  met.  of  the 
mercurial  column,  produces,  therefore,  the  same  condensation  of  ammo- 
iiiaail  gas  as  if  the  pressure  were  that  of  a  column  of  4'132  met.  (Despretz, 
Ann.  C/ihti,  Fhifs.  3-t,  335,  and  443^  also  Fogg,  9,  605;  also  6VAw.  51, 
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108,)— Evon  carbonic  acid  gtm,  wbicli  is  not  so  ea«ily  liquefied  ae 
ga«og  just  iiietitioiiod,  lias  a  clensity  aomewhat  too  great,  evcu  under  the 
ordinary  pressure ;  it  does  not  exactly  follow  Mariottts'a  law,  tiU  the 
pressure  is  reduced  to  hsa  than  \  of  an  atmospliere*  (VVredo,  A  nn.  tharm. 
3^,  141).)* 

All  ponderable  aubatauces,  when  in  the  gaseous  form,  arc  reduced  to 
their  utmost  state  of  exjmnsiou  and  rarity,  and  pass  through  openings 
which  are  iiiJ}K*rvjou8  to  liquids  and  solids.  All  gases  are  transparent; 
moiSt  of  them  eolourless. — The  gaaes  of  chlorioe,  oxide  of  chlorine,  sele- 
niimi,  and  sulphur^  are  yellow^ — of  bromine  and  liy[>onitric  acid  red,— of 
iodine  violet, — and  of  indigo  reddish  purple. 

A,  CondUiotis  of  VaporiioUon. 

a,  A  certain  space  must  he  aUawdd. 

EYory  ponderable  substance  takes  up  a  greater  space  in  the  gaseous 
than  in  the  liquid  or  solid  state.  If,  therefore,  a  solid  or  liquid  body  be 
closely  confiuetl  by  an  unyielding  cuvelope,  no  formation  of  gas  can  take 
place  at  any  temperature,  unless  tlie  envelope  be  burst  open.  If,  on  the 
contrary,  the  body  be  situatod  in  a  vacuum,  a  portion  of  it — corresponding 
to  the  magnitude  of  the  empty  space,  the  temperature,  and  the  nature  of 
the  substance  itself^ — will  bo  converted  into  gas. 

Wlien  II  certain  quantity  of  gas  has  been  generated  in  an  empty  space, 
the  expansive  tendency  of  the  gas  already  produced  hinders  the  further 
vaporization  of  the  remaining  substance  :  for  this  would  produce  compres- 
sion of  the  gas  previously  formed*  E([uilibriuni  is  therefore  established 
between  the  elasticity  of  the  generated  gas  and  the  tendency  of  the  re- 
maining matter  to  combine  with  heat  and  form  more  gas,— and  thus  the 
further  production  of  gas  is  prevented.  The  empty  apace  is  now  scUtirafedj 
as  it  wt're,  with  gas  at  the  given  temperature,  or  a  saturated  gas  has  been 
produced.  But  if  the  temperature  be  raised,  the  affinity  of  the  heat  for 
the  remaining  mutter  will  overcome  the  elasticity  of  the  gas  previously 
generated,  and  a  further  production  of  gas  will  take  place:  a  larger  quan- 
tity of  gas  is  thus  aceumnlated  in  the  samt!  space, — ^in  consequence  of  which 
the  elasticity  increases,  and  gradually  attains  such  a  degree  of  force  that 
equilibrium  is  again  established,  aud  the  further  accumidation  of  gas  i^ 
stopped.  The  higher  therefore  the  temperature,  the  greater  is  the  quan- 
tity of  matter  vaporized  in  vacuo,  aud  the  greater  are  the  density  and 
elasticity  of  the  gas  or  vapour  produced. 

The  gas  contained  in  any  space  is  tmsaiarated,  when  an  additional 
quantity  of  the  same  vaporizable  sulistancc  introduced  into  it  is  likewise 
converted  into  gas.  Thus  carbonic  acid  gas,  at  ordinary  pressures  and 
temperatures,  is  an  unsti  turn  ted  gas;  for  liquid  carbonic  acid  introduced 
into  a  space  filled  with  it  vapurizes  in  large  quantity, — ^ud  it  is  not  till 
the  vaporizatioD  la  ended,  aud  a  portion  of  ciirbonic  acid  still  remains 
liquid,  that  the  gas  can  bo  reganled  us  saturated.  The  same  is  true  of  all 
gUises  which  are  permanent  at  ordinary  pressures  and  tcmi>oratures. 

Alcohol,  ether,  or  roek-oil  enclosed  in  a  tube  of  strong  glass  or  iron  is 
completely  converted  into  vapour  on  the  application  cd"  heat^  only  when 
the  splice  nut  occupied  Ijy  the  liquid  is  somewhat  grcuter  than  tbe  volume 
of  the  iiquid  itself  With  rnck-oil  Ibe  empty  space  may  be  somewhat 
jimaller  than  with  alcohol,  aud  with  ether  still  ies^.     Alcohol  when  thus 
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heated  a<:qiiire8  increased  mobility;  expands  to  twice  its  original  volumo, 
and  iis  then  suddenly  (jouverted  into  vaponr;^ — this  idiange  takes  place  at 
207^  C.  (404"6  Fab.},  wben  tbo  alcoliol  occupies  jiihi  half  the  volnnio  of 
tho  tube.  Jf  tbe  tube  la  more  tban  lialf  filled  witb  alcohob  it  burM«j  when 
Iteated,  A  glass  tube  one-tbird  tilled  witb  water  becoiues  opaque  wboii 
heated,  and  bursts  after  a  few  KecomLj*  If  this  chemical  action  of  tbo  water 
on  tbe  glvLSB  ha  diniinisbed  hy  tbo  tuldition  of  a  littlo  carbonate  of  soda,  tho 
transparency  of  the  glass  will  be  much  less  impaired;  and  if  tbe  space 
occupied  by  the  water  bo  |  of  tbo  whole  tube,  tbe  litjiiid  will  be  converted 
into  vapour  at  about  tbo  teinperaturo  of  melting  zinc*  (Cagniard  tie  la 
Tour.) — If  liquid  carbonic  acid  sealed  in  a  glass  tube  occupies  l^  of  tbo 
volume  of  the  tubo  at  0',  it  neither  increases  nor  diminiahes  in  bulk  when 
heated,  because  tbe  increase  of  volume  produced  by  beating  is  just  com* 
pensated  by  tho  diminution  caused  by  vaporization.  If  it  occupies  ^  of 
tho  space  at  0"^,  its  volume  diminishes  when  it  is  heated,  and  increases 
when  it  is  cooled,  because  tho  loss  by  evaporation  preponderates  over  tbe 
expaoBion.  If  it  takes  np  f  of  tbe  sfjacc,  its  volume  increases  by  beat  and 
contracts  by  cold,  as  in  a  thermometer;  but  at  +  30^  (86'  Fab.)  the  whole 
is  converted  into  vapour.  The  gas,  which  at  0^  occupiejd  tbe  space  above 
tbe  liquid  carbonic  acid  would,  if  condensed,  yield  -^  of  its  volume  of 
liquid  a^cid;  and  that  which  h  produced  at  +  30"  would  give  j  {|l  Gm») 
of  its  volume  of  liquid  carbonic  acid  at  0"".  (Tbilorior.) 

When  a  volatile  eubatauce  is  beatod,  tho  tension  of  tbe  gas  increasea 
in  a  mnch  biglter  ratio  than  its  density,  because  the  heat  not  only  in- 
erea«es  the  elasticity  by  producing  moro  gas,  but  likewise  by  its  expand- 
ing force  imparts  a  higher  degree  of  elasticity  to  tbe  gaa  already  formodt 
In  tbo  case  of  water  tbe  following  table  haa  been  calculated  by  Despretz, 


Temperature, 

Elasticity. 

Actual 
Density 

o**c. 

0'005  Met. 

100 

2& 

0-023 

4-20 

50 

0'089 

14*90 

75 

0*285 

4440 

100 

0'7fi9 

110-54 

120 

M49 

199-86 

HO 

2-356 

308^98 

163 

3-571 

443*32 

DeoBity 

tkt  Elnatidtv. 

DilTereace 

I'O 

0 

4*6 

Oi 

17*8 

2-0 

67*0 

12-5 

152-0 

41-46 

289*8 

89-94 

471-2 

162-22 

714-2 

270^88 

Tbe  higlier  tbe  temperature  the  greater  is  the  difference;  hence  tbe 
advantage  of  bigh-preseure  steam-enginej?.      (DoHpretzJ 

Lastly,  when  the  volume  of  tbe  empty  space  and  tbo  temperature  are 
given,  tbe  quantity  of  gas  produced  varies  with  the  nature  of  the  hod  if : 
1.  Acoording  to  the  affinity  Ihctween  tbe  ponderable  matter  and  beat:  for 
the  weaker  this  affiuitv,  tbe  smaller  will  be  tbe  quantity  of  gas  which  by 
its  tension  will  be  able  to  etop  the  furtlior  production  of  gas;  and  tbe 
greater  the  affinity,  tbe  denser  and  more  elastic  must  lie  tbe  gas  produced 
before  the  process  of  evaporation  ceases; — 2.  According  to  the  atomic 
weight  of  the  substance:  for  tbo  atomic  weight  la  closely  connected  with 
the  specific  gravity  of  tbo  gae  (pp.  52  and  G4). 

The  most  volatile  among  terrestrial  substances,  so  lar  aa  they  have  not 
lH»en  i>revente<l  by  combination  witb  others,  have  especially  assumed  tbo 
gaaeous  form;  and  the  acrift>nn  mixture  thus  produced  constitutes  the 
Aiim>9phere  or  Common  Air  eurrounding  tbe  earth.  Tbo  weight  with 
which  this  mass  of  air  presj»68  on  tbe  earth's  Bufface  varies  with  atmo- 

s  2 


260  UKAT. 


he     m 


spheric  cLangos  ami  wltli  tlie  height  of  the  locality*     At  the  li>vel  of  the 
0ea  it  i§  mainly  equal  to  tlie  preHSiire  which  would  ho  pru<liicod   hy  & 
column  of  mercury  r>f  the  height  <>f  28  Paris  inches  0'9  line,  or  29'92  Eng-      ^ 
lidi  inches,  or  0  70  metre ;  and  the  pressure  corresponding  to  this  height      S 
is  taken  ad  the  normal  bumaietric  pressure,  and  called  AttfiogpherU  Prt^      ^ 
ture^  Frt99ure  of  the  Atmosphp'f'ic  Colnvii},  A  tmn»ithere.     If  a  gla^s  tube 
about  1  metre  in  length,  and  clof=ed  at  one  end,  be  carefully  tilled  with      h 
mercury  and  inverted  in  that  litjuid*  the  pressure  of  the  air  acts  iu  such  a      ■ 
manner  that  the  mercury  within  the  tube  atandj*  about  0*76  met.  alcove 
the  level  of  that  without.     Tlio  space  above  the  mercurial  column  m  called 
the  TorricdUnn  vacuum,     Tlie  prcHsure  of  tho  atmosphere  amoutits  to 
about  IJlhij.  on  a  square  inch  of  surface,  or  1033  grammes   on  a  s(|uare 
centimetre- 

A  volatile  body  at  the  surface  of  the  earth  is  placed^  as  it  were,  in  a 
vessel  with  mo%'eable  sides,  which  press  it  in  all  directions  with  a  force 
equivalent  to  the  weiglit  of  a  column  of  mercury  07 6  met.  high.  If  the 
body  is  enclosed  in  a  flexible  bag,  or  shut  off  by  mercury  or  in  any  other 
manner  frtim  the  immediate  contact  of  the  air,  its  conversion  into  vap>ur 
will  not  take  place  unless  the  elasticity  of  its  vapour  at  the  given  tempe- 
mtnre  be  at  le^i^t  equal  to  tbe  atmospheric  pressure,  or  sutlicient  to  sup* 
port  a  column  of  mercury  070  met.  high.  Since,  however,  this  elasticity 
increases  with  the  tcmpeniture,  there  exists  fc^r  each  body  a  certain  tem- 
perature at  which  the  elasticity  of  its  vapour  is  a  bahiuce  for  the  presj<uro 
of  the  atmosphere,  and  conse<iucutly  cannot  be  restrained  by  that  pressure. 
This  temperature  is  the  Botfiny  Point  of  tho  body.  At  this  point  it 
passes  into  vapour,  in  spite  of  the  atmospheric  pressure,  a;^  soon  as  the 
additional  heat  recpiired  to  volatilize  it  is  supplied. 

If  a  substance,  the  tension  of  whose  vapour  at  the  given  temperature 
jfl  less  than  the  atmospheric  pressure,  be  introduced  in  excess  into  the 
Torricellian  vacuum — that  is  to  say ^ into  a  space  in  whicli  the  pressure  of 
the  atmosphere  is  bahiuced  by  a  corresponding  column  of  mercury,  the 
aubstance  fills  the  empty  space  with  vapour  having  an  elaf*ticity  cor- 
responding to  the  temperature.  By  this  the  column  of  mercury  in  the 
barometer*tube  is  depressed  throngh  a  height  corresponding  to  the  elas- 
ticity r  for  tho  tension  of  tho  vapour  now  supplies  the  phice  of  part  of  the 
column  of  mercury,  la  this  manner  the  elasticity  of  a  vapour,  when  less 
than  the  atmospheric  pressure^  may  be  estimated  In  lines  or  millimetrea  of 
the  mercurial  column* 

If  heat  be  now  applied  to  the  unvaporizetl  portion  of  the  body  situated 
in  the  vacuum,  the  density  and  elasticity  of  the  vapour  increase;  the 
vapour  depresses  the  mercury  more  and  more,  the  higher  the  temperature 
IS  raised,  and  the  more  elastic  tlic  vapour  iu  consotjuence  becomes;  till  at 
length  the  mercury  within  the  barometer-tul>e  stands  at  the  same  level  as 
that  without  This  temperature  ugain  is  the  boiling  point :  for  the  ten- 
sion of  the  vapour  is  now  of  itself  a  balance  for  tho  pressure  of  the  air. 

As  the  atmospheric  pressure  increases  or  diminishes,  the  boiling  point 
--or  temperature  at  which  the  body  assumes  the  gaseous  form— rises  or 
falls;  it  is  usual,  however,  to  state  the  boiling-point  as  corresponding 
to  a  pressure  of  0'70  metre. 

In  tho  following  data  of  the  elasticities  of  dilTercnt  gases,  it  is  to  be 
ohservod  that  the  gus  or  vapour  is  supposed  to  bo  in  contact  with  unvapor- 
ized  matter;  and  therefore  that  a  saturated  vapour  or  gas  is  produced. 
The  more  pomiitncnt  gases  are  exposal  to  the  dilferent  temperatures  in 
contact  with  unvaporij:ed  matter  in  a  sealed  glass  tube,  a  narrow  ^radu- 
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a  ted  glass  ttibe  filled  with  air  and  closed  with  a  drop  of  nifrciiry  {MatW' 
fiieUr)  being  placed  in  the  same  tube  to  indicate  the  pressuxo  bj  the  vari- 
ous degrees  of  conipregeion  of  the  enclo&ed  air.  The  more  volatile  sub- 
etanccs  are  introduced  into  the  Torricellian  Tacuum,  where  they  depress 
the  niereurial  column  in  proportion  to  the  elafsticity  of  their  vapoyre. 

The  elaFticitj  of  the  more  |>crmaneiit  gases  is  exprefigcd  in  whole 
atiwoe^plieres,  Jn  this  table,  D  F  denotes  Davy  &  Faraday  {PhiL  Trans- 
act, 1823,  IfiO  and  im);  N,  Niemann  {Jh\  Archiv.  3(i,  175);  B,  BmiBen 
(Pop^;,  46,  D5);  T,  Thilorier  (J««,  C'Am.  i%*.  m,  434);  M,  Mitchell 
l^ilL  Ainer.  J,  1840,  177,  aUo  Ann,  Phajm.  37,  354). 
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According  to  Oerstedt  and  SwendsoD,  the  tension  of  snlphurous  acid 
at  +  21*25^  amotinta  to  3^289  atmospheres. 

According  to  Wach  {Sckw.  50,  33),  the  tension  of  sulphtirous  acid  at 
675  ^3*2  and  at  19*5^=  4*36  atmospheres. — The  boiling  point  of  suU 
phnrous  acid  (at  a  pressure  of  0*76  metre)  ia  about  --  10',  that  of  cyanogen 
—  20"j  of  ammonia  —  33  7",  and  of  carbonic  acid  about  —  50^  Phos- 
phuretted  hydrogen,  Uydriodic  acid,  hydrobromic  acid,  and  hydrochloric 
acid  ^^s  may,  according  to  Bunsen,  belitpielied  by  cooling  to  —  00\ 

The  elasticity  of  vapours  is  expressed  sometimes  in  atmospherea, 
sometimes  in  metres,  some  times  in  inches  and  lines.  The  tension  of  the 
vapour  of  water  at  low  temperatures  is  tlie  mean  tension  calculated  by 
Kiimtz  (ScJiw.  42,  385)  from  tho  experiments  of  Rouppe,  Schmidt,  and 
Ure;  that  of  the  same  vaponr  at  high  temperatures  is  given  by  Arago 
and  Dulon^  (Ami,  Chim.  Pfujs.  43,  74;  also  Pogg,  18,  437;  nXm  Sdiw. 
50,  l<>7)j  that  of  vapour  of  mercury  by  Avogadro  {Ann,  Chim.  Pkp*,  49 j 
309);  tliat  of  the  vapour  of  sulphuret  of  carbon  hy  Marx  (Schn\  62,  460), 
and  those  of  the  vapours  of  alcohol,  ether,  rock  oi»,  and  oil  of  turpentine  bv 
Ure.  (P/iil.  Trmis.  1>^18,  p.  338;  also  *Schw,  28,  328.)  Some  of  the  fol- 
lowing series  arc  merely  extracts.  Degrees  of  Reaumur  and  Fahrenheit 
will  also  ho  fuund  here  and  there* 

*  AcoQrdhtf  to  t  former  statement^  b. 
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Akohol. 

Ether. 

Roek^l. 

Oa  of  Turpentine.' 

Ure. 

Ure. 

Ure. 

Ure. 

Eogl.  in. 

Engl.  in. 

Engl.  in. 

Engl.  in. 

160           22-6 

160           80-3 

376           640 

357           68-7 

170           28-3 

170           92-8 

360           60-8 

173           300 

180         108-3 

362           62-4 

180           39-7 

190         124-8 

190           43*2 

200         142-8 

200           530 

210         1660 

206           601 

210           65*0 

220           78-5 

230           94- 1 

240         111-2 

250         132-3 

260          155-2 

The  tension  of  the  rapour  of  sulphuret  of  carbon  at  12°  C.  amoonts  to 
0-2  metre  (Berzelius  &  Marcet);  at  22-5°  to  0-3184  M.  (Cluzel);  at  46*6° 
to  0-76  M.  (Gay-Lussac);  at  57-6°  to  1^,  at  160*'  to  77,  and  at  171°  to 
8-95  atmospheres.  (Davy  &  Faraday.) — On  the  tension  of  the  yaponrs 
of  water,  alcohol,  and  ether,  comp,  Dalton  {Ann.  Fhil.  15,  130)  and 
August.  {Po^.  13,  122.) 

[Calculation  of  the  tension  of  aqueous  rapour  at  different  temperatures 
by  F.  Von  Wrede.  {Fog^,  53,  225.)J 

%  Magnus  (Poffg.  61,  225)  and  Regnault  (JT.  Ann.  Chim.  Phys.  11, 
334;  13,  196)  hare  also  determined  the  tension  of  the  rapour  of  water  at 
different  temperatures.  The  results  obtained  by  these  philosophers,  whose 
experiments  were  made  independently  of  each  other,  present  the  most 
remarkable  agreement,  as  will  be  seen  from  the  following  table. 


Temp. 

Tenmon  in 

Millimetres. 

Temp. 
C. 

Tension  in 

Millimetres. 

C.*^ 

Magniu. 

Regnault. 
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0-336 

8 

2-471 

2-327 

30 
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8-525 

8-574 

13 

1-655 

1-521 

10 

9-126 

9165 

12 

1-796 

1-656 

.11 

9751 

9-792 

11 

1-947 

1-803 

12 

10-421 

10457 

10 

2*109 

1*963 

13 

11-130 

111621 

u 

m 

m 
m 


m 


wim 


m 

sct%^ 

m 

u^m 

41 

%7^^m 

41 

it  i«i 

43 

u-^m 

44 

♦j-ssa 

4S 

71-427 

44 

;^IS5 

47 

Xt-lll 

4a 

M^12 

49 

,     t74»i 

$0 

n-m^ 

%l 

M*CV> 

n 

101-497 

A3 

lM'5r2 

U 

M)'M4 

%% 

n737i 

M 

123124 

&7 

JZSlffll 

m 

135  241 

^ 

Iir«23 

m 

Ui'579 

m 

1 55  603 

m 

teliww 

m 

17fta02 

u 

UH-aflr 

u 

IH^fCIl 

M 

i^>f.'T24 

«1«? 


n 


39 


i& 

9f 

f7 

te 

99 

liO 

lii 
Its 

1«3 

i«& 

106 
li>7 
10S 
109 
110 
ill 
112 
113 
114 
115 
116 
117 
US 


iX*«J 


7S7-n§ 
f»-tJ3 
N4-693 

9t;-l57 
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I04I-27S 
10;7  26l 
1114-268 
11S2-32I 
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ThoffO  vneMUTemeniB,  as  far  at  least  as  temperatures  within  fifteen  or 
HJxtoon  (logreos  of  100°  C.  are  concerned,  have  also  been  confirmed  in  a 
remarkable  manner  by  determinations  of  the  boiling-point  of  water  at  dif- 
ferent heights  on  the  Pyrenees,  and  also  on  Mont  Blanc.  ( Vid.  Pogg,  75, 
pp.  360,  Wf^,  368;  also  Ann.  Ohim,  Pharm,  56,  162.)  IT 
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The  progression  of  tbe  tension  is  not  affected  by  the  freezinje^-point,  at 
least  in  the  case  of  water  and  liytlrocyanic  acid ;  at  0°  iee  and  water  have 
tlie  same  tension ;  it  is  not,  therefore^  affected  hy  the  greater  cohesion  of 
ice.   (Gay-Liis!*ac,  Ann,  Chim,  Fhi/s.  70,  419.) 

Volta's  (Srhw,  52,  as)  and  Dalton^s  law,  according  to  which  the 
Yapoura  of  different  subatancesi  have  the  same  tension  at  an  equal  number 
of  thernionietric  degrees  above  or  below  their  boiling-points,  is  regarded  as 
incorrect  by  Schmidt,  Mayerj  Despretz,  Lire,  and  others,  according  to  the 
results  of  their  own  experiments:  it  is  ncverthelesa  remarkable  that  this 
law  is  pretty  nearly  true  in  the  case  of  many  substances.  From  the  boil- 
iog-point  of  eulphnrous  aeid^  e.  g.  to  the  temperature  at  whieh  it^  tension 
is  etjual  to  2  atmospheres,  there  is,  according  to  the  preceding  table,  an 
interval  of  17' C;  in  the  case  of  water,  the  corresponding  interval  is 
about  20"";  of  alcohol  IS"",  and  of  ether  20':  but  in  the  case  of  rock-oil 
and  oil  of  turpentine,  which  are  liquids  of  less  simple  constitution,  it  is 
about  30^  Davy  also  {Ann.  Chim.  Fhi/s.  20,  175)  puts  forward  a  view 
founded  on  liis  experiraenta  with  sulphuret  of  carbon,  chloride  of  phos- 
phorusj  and  alcoliol,  favourable  to  Dalton's  law.— Dove's  (Pw;^/.  23,  291) 
comparison  of  the  tensions  of  permanent  gases,  according  to  Faraday, 
with  that  of  vapour  of  water  according  to  Arago  and  Dnlong,  likewise 
apeaks  in  favour  of  this  law. 
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Snlphurous  aeid  is  also  nearly  in  accord  an  ee  witb  the  law,  but  sulphu- 
retted hydrogen  is  not ;  respecting  tliis  last  gas,  however,  it  must  be  oh^ 
served  that  the  determinations  of  its  tension  by  Davy  Sc  Faraday  and 
by  Niemann  differ  considerably.  According  to  tfiis  law,  the  boiling-point 
of  nitroua  oxide  should  be  —  158  ,  of  carbonic  acid  —  146%  of  hydro- 
cliloric  acid  —  130''^  and  of  ammonia  —  53"^  (Dove);  aecording  to  BunscO| 
however,  the  boiling  point  of  ammonia  is  337"^. 

If  a  substiince  B  be  enclosed  in  a  space  already  tilled  with  the  vapouf  i 
of  another  substance  A,  whicli  may  be  atmospheric  air  or  any  other  ga«,—  ' 
no  portion  of  A  being  present  in  the  non-gaseous  form,  B  being  in  imme- 
diate contact  with  A,  and  the  two  substances  not  being  capable,  under  tho  1 
given  circumstances^  of  entering  into  chemical  combination  with  one  ano- 
ther,^thcn,  whether  the  elasticity  of  the  gas  produced  liy  B  be  greater  or 
less  than  that  of  the  gas  A,  B  will  produce  eatactly  the  same  quantity  of 
gas  IM  if  it  were  situated  in  a  vacimm  at  the  same  temperature^ — with 
this  ilitrerenrcj  however,  that  in  the  Hrst  case  the  conversion  of  B  into  goal 
takes  place  almost  a-s  quickly  as  if  it  were  in  vacuo;  in  the  second  very 
slowly  and  only  on  the  surfacoj  where  the  gas  A  is  in  contact  with  the 
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suli-^taiico  B.    The  effect  takes  place  more  or  lees  quickly  in  propoftion  to 
the  rarity  or  deDsity  of  the  gaa  A.  (Volta,  Schw,  52,  08,  Dal  Ion.) 

Ice  evaporates  in  the  open  air  at  tenipemturefl  miicl)  below  0°r  the 
chlorides  of  pota.ssiuni,  sodium  and  antimony  do  not  evaporate  at  a  r«*d 
heat  in  a  covered  enieible;  but  when  the  crncible  is  opened,  and  a  current 
of  air  thereby  produced,  vaporimtion  takes  place.  Zinc  volatilizes  in 
carbonic  oxido  gas  (when  oxide  of  zinc  is  ijS'uited  in  contact  with  char- 
coal) at  a  lower  temperature  than  when  lieatcd  alone.  Iodine,  whose 
lioiling  point  is  175°,  passes  over  with  vapour  of  water  at  100°;  (Cbiy- 
Lu^sac,)  Similarly,  water  mixed  with  alcohol  evaporates  when  heated, 
together  with  the  alcohol  vapour.  When  the  aqueous  solutions  of  dif- 
ferent ealU  are  eva|>orated,  part  of  the  salt  in  likewise  given  off:  this 
may  however  be  explained  by  snpposing  the  salt  to  bo  mechanically  car- 
ried over:  at  all  events  Faraday  (J.  of  Hoy,  /«,<«f.  I,  70;  also  Poff*;,  10, 
545)  found  that  the  water  eviiporated  at  ordinary  temperatures  from 
saline  solutions  i»  free  from  salt.  The  ciises  of  rfciprocal  affinity  from 
the  mutual  atlhesion  of  gases  likewise  belong  to  this  Ijead.  (pp.  125, 126.) 
— The  more  diffusible  the  gas,  the  more  quickly  do  bodies  evaporate  in  it; 
the  effect  takes  place  more  quickly  therefore  in  hydrogen  gaa* 

It  may  he  supposed  that  when  the  elasticity  of  the  gas  A  is  greater 
than  that  of  the  gas  which   would  be  produced  from  B  at  the  given  tcm- 
peraturCj  no  part  of  B  can  be  converted  into  ga,s,  because  the  gas  already 
present  must  by  its  elasticity  compres!«  the  substance  B  sufficiently  to 
prevent  the   vaporization.     The  formation  of  gas  is  likewise  prevented 
when  the  i^uhstanco  B  is  soparate<l  from  the  gas  A  by  a  moveable  p!jcet  ef 
matt<?r,  a  bladder  for  example.     The  gas  A  must  always  be  in  immediate 
contact  with  the  substauce  B,  and  the  formation  of  gas  takes  place  only 
at  the  points  of  contact.     This  phenomenon   is  explained  by  Bcrthollet 
(J!<taiiqii€  Chim.   I,  280)  on   the  hypothesis  of  a  chemical  sohdion  of  the 
gaa  B  in  the  gas  A,— ^with  rcr^pect  to  which  it  must   be  particularly 
observed  that  neither  the  density  nor  the  chemical  nature,  Imfe  only  the- 
volume  of  the  gas  A  has  any  influence  on  the  quantity  of  the  gas  Bl 
produced.     Dal  ton,  on  the  other  hand,  explains  it  by  supposing — either  ' 
that  one  gas  acts  as  a  vacuum  to  the  other,  or  that  the  unequal  mag- 
nitudes of  the  globules  of  the  two  gasci?  give  rise  to  an  internal  motion 
and  uniform  distribution  of  their  particles.     The  phenomenon  is  perhaps 
best   explained    by    supposing    that    the   adhesion   of  the   existing  gas 
A  for  the  ga^  B,  which   is  to  bo  prodiiced,  is  in  all  cases  more  powerftil  • 
than  the  pressure  which  A,  whatever  may  be  its  density,  exerts  upon  the 
yubstancQ  B,  infli?much  as  the  adhesion  increases  with  the  density, — and 
consequently,  that  the  body  B  diffuses  itself  with  its  proper  elasticity 
through  any  other  gas  lu  the  isame  quantity  as  in  vacuo.     {Compart  pp. 
22,  23.) 

When  ft  gas  B  ie  generated  within  an  unyielding  envelope  the  interior 
of  which  is  already  occupied  by  another  gas  A,  both  gases  together  press 
again.st  the  eides,  each  with  its  own  proper  tension.  If  for  example  tho 
lenflion  of  tho  gaa  A  =  ij?  and  that  of  tho  gas  B  =  y,  the  temsion  of 
©hwiticity  of  the  gaseous  mixture  =  x  -f  j/. 

If,  on  tho  contrary,  the  sides  of  the  vessel  in  which  the  gaseous  mix- 
ture is  generated  yield  to  such  an  extent  that  the  gas  remains  constantly 
nnder  the  pressure  *r,  the  mixijd  gaees  first  expand  (since  according  to 
Mariotte'a  law  tho  elasticity  of  a  gas  varies  mversf^ly  tw  it^  volume) 
in  the  ratia  of  x  :  .r  -f-  y.  But  by  this  expansion  of  the  gases  A  and  B, 
the  elasticity  of  tho  gaaeous  mixture  is  diminished  in  such  proportion  that 
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it  Ib  reduced  to  ;r:  tbo  claaticity  of  tlio  gas  A  tlieroforo  becomes  («?  -h  y 
X  ^n  m  I  — -r—  J  =  — -; — i  and  that  of  tlie  e^jis  U{x  -\-  y  \x  =.y  \  -  /     I 

^  +  y 

If  howcyer  tliis  liC  tlie 
case,  then — since  tlio  (?pace  has  hecome  larjnrer— a  freali  quantity  of  B  ig 


With  this  the  furtlier  expaneioii  ceases,  supposing  that  no 
portion  of  the  eubstance  B  remains  unyaporized. 


eonyerted  into  gas,  and  the  gtis  B  regains  the  ela.^ticity  ^==;  .V'  find  ^inco 
by  tliis  action  the  elaflticity  of  tlie  \i:m  and  therefore  i\\^^  \i^  expnnhion 
increases,  the  fonnation  of  gas  anrl  tlie  expansion  of  tlio  gaseous  mixture 
go  on  till — as  Dalton  has  shown — tlie  yoliime  of  the  gaseous  mixture  is  to 
the  original  volume  of  the  gas  A  as  x  :  .r  —y.  For  sinco  in  this  gaseous 
mixture,  after  its  complete  expansion  under  tlie  pressure  sr,  the  ga«  B 
lias  an  elasticity  —  y^  that  of  the  gas  A  must  he  only  ^  —  y,  in  order 
that  the  elasticity  of  the  gaseous  mixture  may  exactly  haknce  the  external 
pressure  x-. 

Examples  in  which  the  preceding  table  of  tlie  elasticity  of  gases  i^ 
made  use  of:^ — If  at  a  temperature  of  2;>^  C.  and  under  a  pressure  corres- 
ponding to  336  Par.  lines,  water  he  introduced  in  excess  into  a  vessel 
containing  one  measure  of  dry  atmospheric  enclosed  by  mercury,  then- 
supposing  that  the  mercury  stands  at  the  same  level  within  and  without  the 
vcsseb  and  that  the  atnioepherie  pressure  remains  constant* — one  measure 
of  air  will,  l>y  taking  up  vapour  of  water  (since  the  tension  of  vapour 
of  water  at  25"*  C.  or  20^  H>  is  equal  to  10"08  lines),  be  expanded  in  tlie 
ratio  of  336  —  10*08  :  336  =  325 'f>2  i  336'  When  alcohol  evaporiitoa 
in  dry  air  at  0"^  C.  and  under  a  pressure  of  30  English  inches,  the  volume 
is  increaacd  in  the  ratio  of  30  —  0-4  :  30  =  29*6  :  30;  and  in  the  caae  of 
ether  at  0^  C.  the  exiianeion  is  as  30  —  0*2  :  30  ^  23'8  :  30. 

h,    17ie  afinU^  of  Beat  for  the  Pond^rahk  Suhiian^e  musi  he  tup^rior  to 

all  other  forees  acting  upon  th4  miru, 

a.     To  the  Cohemn  of  ih^  Pondetahh  Substanee* 

Since  a  body  introduced  into  a  space  devoid  of  air  fills  that  space  with 
a  quantity  of  ga^  corTOsponding  to  the  temperature — since  this  quantity, 
though  it  decreases  with  the  temperature,  cannot  be  reduced  to  nothing 
excepting  at  the  ahsolut*?  zero^ — since  all  substances,  at  least  at  high  tem- 
periitures,  are  visibly  converted  into  gas,  and  must  therefore  afford  some, 
although  perhaps  but  a  small  quantity  at  low  temperatures— finally, 
since  this  formation  of  gas  takes  place  in  a  sfmce  filled  with  air  in  the 
game  quantity  as  in  vacuo,  only  with  Jess  rapidityj — it  may  be  concluded 
that  of  QycTj  substance  situated  on  the  surface  of  the  earth,  a  certain, 
thfjugh  perhaps  extremely  small  portion  must  bo  converted  into  gas* 
That  no  diminution  of  weight  can  however  be  observed  in  pieces  of  metal, 
&c.  even  aftf^r  many  years,  may  result  either  from  this  circnmstauce,  that 
at  a  certain  tempemture  considerably  below  the  bfuling  point,  the  cohe- 
sion and  gravitation  of  the  ponderable  substance  may  overcome  its  atfi- 
nity  for  heat — which  indeed  is  Faraday's  view  {Aim,  PhiL  28,430;  iilso 
Pfifjff.  **,  1);  or  possibly  from  tbis^ — tliat  when  once  the  several  Imdirs  on 
the  rarth*s  surface  have  introduced  into  the  atmosphere  certain  portions 
of  their  gases  or  vapours  corresponding  to  the  existing  temperature, 
these  gases  may  exert  a  pressure  on  the  remaining  matter  suflicicnt  to 


268 


HEAT, 


prevent  its  fortlier  vaporization — ^ibe  floctuatlons  of  temperature  on  ihm 
surface  of  our  earth  being  perlmps  too  small,  in  comparison  with  thft 
wide  interval  betwrcu  the  ordinary  temperatures  of  solid  bodies  and 
their  boiling  points,  to  cau^e  any  sensible  condensation  of  tbese  gases 
when  the  atmof^phere  cook,  or  to  give  ri^^e  to  fresh  formations  of  the  same 
gases  when  a  rise  of  temperature  taket*  plaeej — unless  perhaps  many 
meteoric  phenomena  may  be  due  to  some  such  cause* 

Ice  evaporate.^  in  vacuo  at  teiupc^ratures  below  —40^,  eulphiiric  ether 
at  —51^,  at  which  temnerature  it  is  solid  (Configliacchi),  sulphuret  c^f  car- 
bon at  ^62»  {Marcet.)  The  Torricellian  vacuum  is  in  reality  filled  with 
vapour  of  mercury.  In  the  open  air  ice  evaporate*!  far  below  0%  mer- 
cury at  +  15*5%  but  not  at  --6^7°  (Faraday);  oil  of  vitriol  «loes  not 
evaporate  at  ordinary  toniperaturea.  (Bellauii,  Poffff.  9,70 — ^By  enclosing 
two  substances  in  a  flask  iilled  with  air,  keeping  them  separate  from  one 
aaotherj  the  one  in  the  solid  form,  the  other  in  the  state  of  at|ucons  solu- 
tion, and  exposing  the  flask  fur  four  3* ears  to  the  ordinary'  temperature  of 
the  air,  the  following  results  are  obtained :  Crystallized  oxalic  acid  and 
crystallized  oxalate  of  ammonia  evaportiteover  in  small  quantities  towards* 
aqueous  solution  of  chloride  of  calcium;  also  protochloride  of  mercury 
towards  aqueous  solution  of  chloride  of  calcium;  also  protochloride  of  mer- 
cury towards  aqueous  solution  rtf  potash,  and  nitrate  of  ammonia  in  minute 
quantity  to  dilute  sulphuric  aclil.  The  following  on  the  contrary  do  not 
volatilize:  eal-ammoniac  or  common  salt  towards  dilute  sulphuric  acid; 
areenioTis  acid  or  calomel  to  caustic  potash;  aqueous  solution  of  iodide  of 
potassium  to  chloride  of  lead;  common  salt  <lissolvcd  in  water  to  crys- 
tallised nitrate  of  silver;  sulphate  of  eoda  dissolved  in  water  to  crys- 
tallized hydratcd  chloride  of  barium;  aipieous  solution  of  chloride  of 
calcium  to  Ciirbonate  of  soJa;  and  aqueous  solution  of  sulphate  of  copper 
or  persulphate  of  iron  to  hydrate>l  ferrocyanide  of  potassium.  In  most  of 
these  cases,  water  evaporates  over  to  the  solid  body  and  dissolves  it;  but 
the  solution  does  not  mix  witk  that  of  the  salt  previously  dissolved  iu 
water.    (Faraday,  J.  0/  I^ot/^  InsL  1,  70;  also  Po^^,  19,  545,) 

g.     To  the  AJtniti/  oftlie  vobittle  Subsfuncefor  any  other  leu  volatile  hod^ 
with  which  it  may  he  combined. 

Substances  wbich  from  their  own  nature  have  a  strong  tendency  to 
assume  the  gaseous  form,  so  that  when  separated  from  other  bodies,  they 
exist  for  the  most  part  only  in  the  state  of  gas,— often,  when  combined 
with  other  bodies,  cither  become  wliolly  incapable  of  passing  into  the 
gaseous  condition,  or  undergo  that  change  only  at  high  temperatures, 
because  the  affinity  of  the  other  body  acts*  in  opposition  to  that  of  heat. 

Oxygen  in  red  oxi<le  of  mercury j  peroxide  of  manganese,  and  other 
metallic  oxides  requires  a  red  heat  to  convert  it  into  gas:  so  also  does 
carbonic  acid  when  combined  with  lime  and  other  oxides  of  metah«. 
Most  metallic  oxides  do  not  part  with  their  oxygen  even  at  the  highest 
tem  Tie  rata  res,  but  are  partly  converted  into  vapour  before  reduction  and 
con  den  He  agjiin  to  the  state  of  soful  oxide  in  the  cold. 

Wider,  which  when  pure,  boils  at  lOtr  exhibits  a  much  higher  boiling 
point  wdieii  combined  with  sal ts^  sulphuric  acid,  phosphoric  acitl  and  other 
less  volatile  substances. 

The  following  table  gives  the  boiling  points  of  various  aqueous  solu- 
tions aceording  to  Faraday  (Arm,  Chlm.  Fht/s.  20,  324)  and  Grifliths  (Qu. 
J,  o/Sc  18,  90;  also  Fofft;,  2.  227)* — Column  A  contains  the  names  of  the 
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saltri;  B  tlic  quantity  of  dry  salt  in  100  parts  of  the  solution  (an  jt  <le* 
nnt^a  that  tlie  qutmtity  lias  not  lieeii  detemiined);  C  sliowii  tlie  bulling 
point  of  tho  solution;  D  tlio  name  of  the  observer  (F  —  FamJay,  G  =^ 
Gnttitb)p 


tiUuber's  gait  .... 
Corrosive  subliimite 
Cyanide  of  mercury 
Cry»t»  verdigris .... 
Cream  of  tartar..  .. 
Nitrat€  of  bair)  ta  , , 
Sulijhnte  of  jiotash 
AceUite  of  U'iid  » .  » . 
Nitrate  of  k ad  .... 

Green  vitritjl 

Blue  vitriol     ...... 

Sulptiate    of   copperi 

and  potash 
Boracie  acid   . .  . « . 
Chlorate  of  pota&h 
Ferrocyan ,  patassiam 
QjcaUte  of  liniuioDia 
Cur bona  te  of  soda  . . 
Chloride  of  barium 

Alum 

Sulphate  of  zinc. .  , , 
Oxaluic  of  potash  . . 
Phosphat  e  of  aodu  * . 


B 


31  5 

35 
1(JT» 
^^5 
2G-5 
17-5 
'I1'5 
52-5 
64 
la 
10 


40 
&5 
29 

X 

45 
52 

45 
40 

JT 


lOl'l 
lOM 
lOM 
lOl'l 
101-1 
1017 
101-7 
102*3 
102-3 
102-3 
102-8 

103*3 
103*3 
103-3 
103*3 
104*4 
104*4 
104  4 
104*4 
104-4 
105-6 


Boraj 

Bisulpbate  of  potash . 
Sulphate  of  muguedA 
Common  t^t. ...... 

ft  ii....>t. 

Nitrate  of  strontia. ,  * . 
Neutral    tartrate    of 
potash 

Oxalic  acid     ........ 

Sulphate  of  nickel . .  . , 
Sal-ammoniac    ..... 

It  •  •  •  .  • 

Nitrate  of  potash  . .  . 

Rocheile  salt ....... 

Nitrate  of  aoda  ..... 

Acetate  of  soda  , , . . . 
Carb.  potaah   ....  sat 

Potash. . *,  sat. 

Nitrat.  ammoiua. .  satj 
S^KJa    .sat. 


52-5 

SP 

67*5 
30 

sat. 

&3 

6B 

sat. 
sat. 
65 
50 
sat. 
74 
sat. 

go 

60 

60 


r 


105"6 
105  6 

105-6 
106-7 
109-0 
106*7 
112-2 

1167 
112-2 
112-6 
113*3 
114-4 
114'4 
115^6 
n5'6 
119*0 
124-4 
140-0 
157-8 
! 182-2 
215-5 


Boiling  points  of  aqueous  soluiiom  according  to  Legrand  (Ann,  Chim, 
PAt/*.  59,  423;  also  X  pt\  Chim,  6,  56.) — The  following  table  gives  the 
number  of  parts  of  ea*-b  .salt  dissolved  in  100  parts  of  water;  in  the  first 
column  on  the  left  is  given  the  boiling  point  corrct^ponding  to  this  proportion, 
Kitrate  of  ammonia  was  employed  in  the  crystallized  state,  and  common 
phosphate  of  soda  in  as  dry  a  state  aBpo.ssible  (but  not  ignited);  the  other 
Baits  in  tbe  perfectly  anhydrous  condition ;  ^  i.s  ciiloride  of  calcium,  h  acetate 
of  potasbj  c  nitrate  of  ammonia,  d  nitrate  of  lime,  c  simple  carbonate  of 
potajBb,  /  acetate  of  soda,  g  nitrate  of  8od;i,  h  chloride  of  strontium,  i 
nitrate  of  potai>bj  k  sal-ammoniac,  I  neutral  tartrate  of  pot^ieh,  m  chlo- 
rate of  potash,  n  common  salt,  o  chloride  of  potassium,  p  ordinary  phos- 
phate of  8oda,  q  simple  carbonate  of  soda,  r  chloride  of  barium.  Tlio 
number  under  a  horizontal  stroke  gives  tbe  boiling  point  of  the  Raturated 
solution*  Thisi  table  \\\iH  a  practieal  value:  for  by  means  of  it,  the  quan- 
tity of  salt  in  any  solution  may  he  found  from  its  boiling  point. 


BoiHng 
Point. 

a 

b 

c 

d 

B 

/ 

S 

h 

•■ 

nv 

lO'O 

10.5 

10*0 

15-0 

13-0 

9-9 

9-3 

16  7 

12-2 

102 

16'5 

200 

20-5 

25-3 

22*5 

17-6 

18-7    ' 

25-2 

26-4 

103 

21-6 

28-6 

31-3 

34-4 

31*0 

24-1 

28*2 

32-1 

42-2 

104 

25*8 

36-4 

42*4 

42*6 

38*6 

30-5 

37-9 

37-9 

59  6 

105 

29-4 

43-4 

53-8 

50-4 

461 

36-7 

47-7 

43*4 

78*3 

106 

32 -li 

49-8 

65*4 

578 

531 

42'9 

57-6 

48-8 

98*2 

107 

35-6 

55*8 

77*3 

(M-9 

59-6 

49-3 

677 

54-0 

U9-a 

108 

3«*J  1 

61*6 

89-4 

71-8 

65-9 

65-8 

77-9 

590 

140-6 

109 

41-3 

67-4 

101-9 

78*6 

71*9 

1    62-4 

88-3 

63-9 

163  0 

270 
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BoiUng 
Poiiit, 

a 

h 

c 

d 

e 

/ 

9 

k 

1 

110** 

44*0 

73-3 

114*9 

B5,0 

11'% 

69*2 

98-8 

68-9 

185*9 

111 

46-8 

79-3 

128-4 

91'9 

83-0 

76-2 

109-5 

74*1 

209  2 

112 

49-7 

«5-3 

M2*4 

98*4 

88-2 

83*4 

120-3 

70*6 

233-0 

113 

52'H 

91-4 

156*9 

104-8 

93*2 

90*9 

131-3 

85*3 

257*e 

114 

55-6 

y7-6 

172*0 

111-2 

9«'0 

98*8 

142-4 

91-2 

283*a 

115 

58-6 
fil-G 

I03'9 
110-3 

188-0 
204 '4 

117-5 
123-8 

102-8 
107-5 

1071 

115*8 

153*7 
165-2 

97-5 
104*0 

S10*2. 

IIG 

115*9'': 

117 

64-6 
67-6 

1168 
123*4 

221-4 
238-8 

130-0 
136*1 

112*3 
1171 

125-1 

134-9 

176-8 
188*6 

110-9 

335*1 

lia 

117-8°  I 

119 

7(J'6 

130  I 

256*8 

142-1 

122-0 

145-2 

200*5 

117'5 

120 

73*6 
79-8 

136-9 
I50-B 

275*3 
314-U 

148-1 
160-1 

127*0 
137*0 

1561 
175-3 

212-6 

122 

121*: 

124 

86-2 
98-2 

165*1 
180-1 

354 '0 
396-0 

t72-2 
184.5 

147-1 
157-3 

204-5 

224-8 

120 

124-4^  1 

128 

92  4 

iy6*i 

440-2 

197*0 

167*7 

209*0 

130 

104-6 

213^0 

487*4 

209*5 

178*1 

132 

110-9 
123-5 

230-6 
267-5 

537*3 

645-0 

222*2 
248-1 

188*8 

1311 

135^- 

140 

136-3 

308-3 

770-5 

274-7 

205*0 

141 

149'4 

354*9 

915-5 

302*6 

146 

163-2 
1^81 

407-9 
467*6 

1081*5 
1273     i 

333-2 

152 

151" 

15G 

104-3 

534*1 

1504 

362-2 

160 

212^ 

607*4    1 

1775 

164 

231*3 

68  7-6 

2084 

108 

252*« 
276-1 

775'0 

172 

169*: 

176 

301-4 

798*2 

179-5 

325-0 

. 

Boiling 
Poiat. 

k 

i 

m 

Bailiog 
Point. 

n 

0 

P 

9 

r 

lor 

7*8 

26*9 

14*64 

100-5° 

4-4 

4-7 

11*0 

7-5 

110, 

102 

139 

47*2 

29-28 

101 

7-7 

9-0 

210 

14*4 

19-6 

103 

19*7 

65*0 

43*92 

101*5 

10*6 

13-2 

31-0 

20-8 

262 

104 

25*3 

82-3 

58-56 

102 

13*4 

7-1 

40-8 

26-7 

32-5 

102*5 

103      , 

15*9 
18-3 

20-9 
24-5 

50*3 
59*4 

32  0 
36*8 

38*6 
44*6 

105 

30-5 

100*1 

104*20: 

106 

35*7 

118*5 

61*5 

103*5 

20*7 

28*0 

68-1 

41-0 

50*3 

107 

41  3 

137-3 

104 

231 

31-4 

76*4 

447 

56*0 

108 

109 

no 

4r'i 

156-5 

479 

53-5 
59*9 

176*1 
196-2 

104*5 

25*5 

34*6 

84-2 

104  4' jj 
60»l 

104-6'^  J 

111 

66-4 

216-8 

105 

27-7 

37*8 

91*5 

48-5 

112 

73-3 

237*9 

106 

31*8 

44-2 

105-0 

113 

80*8 

259-5 

114 

88-1 

281-6 

107 
108 

35-8 
39-7 

50-5 
56*9   1 

10G'0«: 
111*6 

115 

114-2^ 

114*7 

108*4 

40*2 

59*4 

H6 

88*9 

296*2 
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In  a  similar  manner,  the  boiling  jmni  of  alcolujl  is  raised  by  mixing 
it  with  wi*ter,  ami  that  of  otlier  by  mixing  it  witb  zilcobof.  {(Jump.  M»g- 
nns,  /V/</,  38,  487.) — In  liko  manner,  porniancnt  gases  eaiabincU  wilk 
water  ami  other  liquids  require  au  elevation  tempcrattire  or  diminution  of 
preesuro  mako  tliem  escape.  In  this  action  an  aiioiimly  U  observed  pro- 
ceeding from  a  kind  of  ^^lugg]8hTless  (like  that  described  pp.  1)^ — 12),  viJS,, 
that  the  gases  do  not  cacapo  at  ooco  in  the  qnantitieii  wliicb  might  be  ex- 
peeted  under  the  given  circumstances,  but  that  their  escape  ia  favoured 
by  agitation  or  by  the  immcrBtou  of  solid  bodies,  particularly  of  such  as 
hare  sharp  angles,  e,  <?.,  glass  rods,  wires^  metallic  filings^  silver  leaf, 
sand,  sugar-dust.  The  formation  of  gas-bubbles  appears  always  to  pro- 
ceed from  the  solid  bodies  and  from  tho  sides  of  the  vessel,  and  never 
from  the  interior  of  the  liquid^  as  if  the  contact  of  a  solid  body  were  essen- 
tial to  the  formation  of  gas.  Many  solid  bodies  may  however  act  by 
means  of  air  adhering  to  them,  which  is  either  itself  absorbed  liy  the 
liquid  and  drives  out  the  other  gas,  or  else  supidics  the  first  bubbles,  which 
then  increase  in  volume  by  attracting  the  other  gas.  {Compare  Oersted t, 
A\  GthL  1,  227;  Liebig,  Ann*  Pharm,  30,  13;  Schonbein,  Fo^fj.  40, 
382.) 

Evaporation,  Dri/inff^  or  BcBiccatwHf  and  in  many  cases  C alcinafion^ 
J^oastinffj  or  Torrefaction  are  operations  tho  object  of  which  is,  for  the  most 
part,  the  separation  of  a  more  volatile  (in  the  case  of  evaporation  and 
drying  it  is  a  liquid)  from  a  le^a  volatile  substance.  That  these  opera- 
tions proceed  most  quickly  in  vacuo  will  be  understood  from  that  which 
immediately  foUows. 


B,  Phemmena  aeccmpanpng  Vaporisatiofh 

a.  Time  in  which  it  takes  place. 

The  rapidity  of  vaporization  is  greater,  the  stronger  tho  affinity  of  the 
ponderable  body  for  heat,  the  higher  tho  temperature,  and  tbo  less  the 
resistance  which  tho  surrounding  envelope  offers  to  the  expansion  of  the 
gas. 

In  a  vacuum  vaporization  takes  place  almost  instantaneously,  whatever 
may  bo  tho  nature  of  the  substance:  water  boils  in  vacuo  at  20  ;  in  so  far 
however  as  heat  is  necessary  to  the  production  of  vapour,  the  vaporization  of 
the  body  may  bo  retarded  as  its  temperature  gets  lower.  In  a  space  filled 
with  air  or  any  other  gsis,  vaporizittion  cannot  take  place  instantaneously, 
unless  the  substance  is  capablo  of  producing  vapour  of  great  elasticity  at 
the  given  temperature,  and  sufficient  heat  is  proBont  for  the  production  of 
that  vapour.  Liquid  carbonic  acid  viipurizei'*  almost  instantly  in  the  air, 
to  within  about  |  of  the  whole»  which  solidifies  (so  that  according  to 
Tbiloricr,  1  gramme  of  this  liquid  produces  on  opening  tho  vessel  an  ex- 
plosion as  violent  as  that  of  1  gramme  of  gunpowder) ;  but  34C  grains  of 
solid  carbonic  acid  exposed  to  tne  air  at  -f  25^  lose  only  3  or  4  grains 
per  minute,  and  do  not  wholly  disappear  in  less  than  3^  l*t»urs  ^stdl  more 
elowly  when  wraj^pcd  up  in  cotton.)  (Miteheil.) — The  liquid  acid  already 
indeeii  contains  a  large  portion  of  the  heat  of  fluidity  required  for  its  con- 
version into  vapour,  and  moreover  contains  a  larger  quantity  of  sensible 
heat,  inaamuch  as  it  takes  the  temperature  of  the  vcsc:-el«j  in  which  it  is 
encloseil, — the  solid  acid  on  t!ie  contniry  must  take  all  its  heat  from  the 
surrounding  bodies.  All  exploslous,  detonations,  ami  fulminations  arise 
from  a  guddea  fwrmation  of  gas  brought  about  by  great  atHaity  for  heat 
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•nd  a  high  kempenlttrej  tbe  resUtanee  of  tHe  sam>otiilmg  enyelope  being 
eomplctelj  overpowered.  Since  nitrogen,  when  tt  Mfsmles  from  iU 
fNmiDiuationd  and  assmnes  ilie  gaseoas  state,  prr>dnec^  Uie  most  fearful  ex- 
plmsions,  even  when  no  great  rise  of  teraperature  take*  place  (<?.  ^.,  m  the 
decomposition  of  chloride  of  nitrogen)  a  peculiarlj  great  affinity  for  heat 
mxui  he  ascribed  to  it 

If  on  the  other  hand  the  tension  of  the  nascent  Tapour  is  less  than  the 
pressure  of  the  external  air^  so  that  the  raporization  can  onlj  proceed  by 
means  of  tbe  adhesion  of  the  existing  gas  to  that  which  is  in  coarse  of 
formation,  then — since  the  portion  of  air  which  is  in  contact  with  the  va- 
porizing body  can  only  be  charged  with  the  nascent  vapoar  in  the  same 
proportion  as  a  vacuiim^ — the  rate  of  evaporation  will  be  determine<i  by 
the  rapidity  with  which  the  particles  of  the  existing  gas  are  renewed  on 
the  surface  of  the  vaporizing  body,  and  will  therefore  be  very  dow  in  a 
state  of  resit  but  quicker  in  proportion  to  the  facility  with'  which  the 
^xis^ting  gas  is  renewed. 

h.  SHwUian  tM  ^ich  (he/ormatitm  of  G<u  ^r  Vapour  taktt  place. 

The  vaporization  of  a  body  takes  place  in  that  particular  part  ia 
which  the  conditions  of  vaporization  are  completely  fulfitled. 

If  a  body  is  very  volatile  and  contains  a  quantity  of  heat  siifiicient  to 
convert  it  into  gas,  it  instantly  assumes  the  gaseons  form  throughout  its 
whole  mass,  as  soon  as  the  external  pressure  allows  of  such  a  change. 
Liquid  carbouic  acid,  sulphuretted  hydrogen,  and  chlorine  are  instantano- 
ously  converted  into  gas  with  a  kind  of  expl€eion>  as  soon  as  the  vessels 
containing  them  are  opened. 

When  a  less  volatile  body  is  heate^l  from  without  to  increase  its  ten- 
dency to  assume  the  gaseoua  form,  the  formation  of  vapour  takes  place 
principally  at  tliat  part  where  the  heat  enters;  and  when  the  heating 
takes  place,  not  from  above  but  from  the  bottom  and  bv\^^^  nnd  the  heated 
body  is  li<juicl,  the  vapour  as  it  is  produced  rises  in  bubbles  through  the 
liquid  and  produces  the  phenomenon  of  Boiling  or  EbuUUion^  These 
bubbles  of  vapour  have  the  peculiar  property  of  bcint;:  almost  always 
evolved  from  the  surfaces  of  solid  bodies,  either  the  sides  of  tbe  vessels 
or  bodies  floating  in  the  liquid ; — the  edges  and  angles  of  such  bodies  pre- 
sent pieculiar  facilities  for  the  evolution  of  gas. 

When  vaporization  takes  place  only  from  the  surface  of  a  body, 
cither  because  the  heat  lias  access  to  that  part,  or  bccanae  the  evolution  of 
gas  takes  place  through  the  medium  of  a  gas  already  present,  the  action 
can  only  be  recognbed  by  the  diminution  in  bulk  of  the  body;  it  is  then 
caUed  Evaporation. 

c.     Absorptwti  qf  Heat 

As  in  liquefaction,  so  likewise  in  the  formation  of  gas  or  vapour,  the 
heat  which  enters  into  combination  with  ponrlerable  bodies  passes  into  a 
state  in  which  it  la  inseu.sible  to  tlie  feelings  and  to  the  thennonioter. 
Any  given  sul*stanee  absorbs  the  same  quantity  of  heat  to  form  gas  or 
vapour  of  a  given  clensityi  whether  the  va]ii«riziition  takes  place  quickly 
in  vacuo  or  more  slowly  in  a  i^pace  prcviniiRly  filled  with  another  gas;  m 
the  latter  case  however  the  reduction  of  temperature  is  never  so  great  as 
in  the  former,  becauHe  the  heat  luis  more  time  to  enter  from  without  and 
supply  the  place  f^f  that  which  has  become  latent.^aml  secondly,  because 
the  other  gas  already  present  gives  up  a  portion  of  its  free  heat  to  that 
which  is  being  formed — an  effect  which  cannot  take  place  in  vacuo. 
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Solid  carbonic  acitl  proJiica^  in  vacuo,  wlieD  the  extcrual  tempertiture  is 
SO°f  a  cold  of  — 933^;  a  pasty  inrxtiire  of  tlic  same  with  akotol  reduces  llio 
teraperature  to  —92^  and  with  etiior  to  —  9fl'.  (Mitchell) — ^Cotton 
iiioiftitened  with  sulphuret  of  carbon  and  wrapped  round  a  thcrnionteter 
lowers  it  in  vacuo  from  -f  IG  to  —02^  (Marcet,)  Liquid  Kulphnrons 
acid  prodncea  ia  vacuo  a  temperature  of  —  00 ^  (Do  la  Kive,  P^i/fj.  ]5, 
526,)  20  ij^ninniiea  of  uiercnry  pL^ct;d  111  a  watch-glass  under  the  receiver 
of  an  air-pump  in  contact  with  an  etjiial  cjiiantitj  of  liouid  sulphurous 
acid  freezes  in  five  nihiutes.  (Buasy,) — If  the  formation  0/  '^tLS  in  a  [*paeo 
devoid  of  air  be  coutiuually  renewed  hy  the  introijuction  of  a  i^uhslaucc 
which  will  unite  with  the  vaporized  body  and  form  a  non-gaseous  eom- 
pouinh  great  det^recs  of  cold  may  he  produced  e\"en  with  suhatancoH 
which  are  not  very  volatile.  Water  pi  need  in  a  capsulo  near  a  luisia  of 
oil  of  vjtriul  in  a  vacuum  \s  sooti  converted  iutj  ice;  well  dried  ]»ovvder 
of  trap-porphyry  or  oatmeul  will  produce  the  same  cHect  as  oil  of  vitrioL 
(Lciilie.) — At  a  temperature  of  +  15'^,  Configliachi  produced,— by  sur- 
roundintj  a  thermometer  with  cot  too  moistened  with  various*  liquids  and 
introducing  it  into  a  vacuum  iu  whicii  there  was  also  a  vessel  containing  oil 
of  vitriol,— with  water  a  temperature  of  —  41*2*3",  with  sulphuric  other 
—  51^,  with  alcolu)!,  — 37'5  \  witli  nitric  ether,  —  31*25  ,  and  with  hydro- 
chloric etljer,  —  30^  In  the  paiiio  aiauuer,  Graham  (-SV/iw.  5'*,  188)  ob- 
tained with  water  a  temperature  of  — 14",  an<l  with  alcohol  (or  a  mix- 
ture of  3  parts  alc^dtol  with  one  part  water,  which  acts  equaily  well 
bccau«e  the  water  renders  latent  a  larger  «|uuntity  of  heat),  a  tempera- 
ture of  —  31°.     {Comp.  Dove,  Pof/i/.  ID,  rji8.) 

WollastojVs  Cti/ophorus  {Ami  PhiL  2,  230j  also  Ollh,  52,  274)  con- 
sists of  two  glass  bulbs  connected  by  a  lube,^ — exhausted  of  air  and  con- 
taining a  little  water.  If  all  the  water  he  made  to  \KVi^  into  one  of  tho 
hulbs,  and  tho  en>pty  bulb  immersed  in  a  freezing  nnxture  so  as  to  con* 
geal  the  vapour  contained  in  it,  the  water  in  the  other  bulb  will  be  frozen 
in  consequeuce  of  the  rapid  evaporation  which  ensues. — Perkiu's  upparatu^^ 
for  cooling  water  for  houi?ehold  uses  by  the  ovuporution  of  ether,  in  such 
a  manner  that  the  ether  is  not  lost,  acts  on  similar  principles.  {Ann. 
Pharrfu  22,  214.) 

On  opening  the  stop-cock  of  an  iron  vessel  containing  liquid  carbonic 
acid  and  directing  the  HtrciiUi  of  vaporising  acid  hy  means  of  a  luirn^w 
tube  into  a  hollow  f^j^herc,  the  bitter  quickly  becomes  filled  with  carbonic 
acid  snlidilied  like  dakcs  of  snoWj  the  temperature  falling  to  —  100\ 
The  stream  directed  on  the  bulb  of  a  spirit-theruiometer  cools  it  to  —  i>0^  j 
but  it  will  not  freeze  more  than  a  i^mall  quantity  of  mercury,  whereas 
the  stream  of  gas  produced  by  a  mixture  of  carbonic  acifl  and  etlier  soon 
freezes  50  grammes.  (I'hilorier.)  When  the  liquid  carbonic  acid  is  en- 
closed in  a  stnmg  glass  tul>e  ilo.sed  with  a  brass  cock  and  tube^^  a  violent 
motion  of  the  liquid  is  observed  on  opening  tbe  sto]>cock,  -g-  of  the  car- 
bonic acid  fcnuiins  frozen  in  a  dense  but  yet  porous  mass,  and  cathibits  at 
the  moment  of  freezing  a  tcmi>emture  of  -^  (j,5*^.     (MitchclL) 

When  a  body  passes  to  the  gaseous  state  in  a  spnce  already  filled  with 
anotber  gas,  and  at  a  temperature  at  which  the  ten -ion  of  tho  gas  iu  pro- 
cess of  formation  is  less  than  that  already  exii*tiug,  the  cold  produced  is 
greater — the  stronger  the  tendency  of  thesuhj^tance  to  assume  the  gaseous 
form — the  greater  the  c|uantily  of  beat  required  for  it^  conversion — tlio 
greater  the  rarefaction  of  the  existing  ^^as, — the  snmlliT  tlie  quantity  of 
the  other  gas  already  contained  in  it  (if  it  be  already  satunitedj  no  farther 
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YmporisatioQ  and  therefore  fio  further  cooling  can  take  pboe)— «nd  Uie  more 
it  u  set  in  motiao. 

When  vaporization  takes  place  id  the  open  air  below  tbe  boiling  point, 
the  maximum  of  cooling  ii  produced,  as  soon  as  the  quantity  of  heat  ren- 
dered latent  by  the  proee»  becomes  equal  to  that  which  the  air  gives  op 
iv  order  to  place  itself  in  equilibrio,  as  regards  pressure  and  tempermtai^y 
with  the  f^  in  course  of  formation,  +  the  quantity  supplied  from  wttli- 
out  {this  howerer  may  be  neglected  when  tbe  difference  doea  not  exceed 
a  few  degrees).  Gay-LuMac's  formula  for  calculating  the  loweai  tempe- 
rature attainable  in  this  manner  will  be  found  in  the  Ann,  Ch4m^  i^Ajw. 
21,  82. — ^If  air  dried  by  chloride  of  calcium  under  a  pressure  of  0  76^ 
metre  be  directed  on  a  thermometer  bulb  surrounded  with  baptitPt,  and  the 
baptist  be  moieteued  with  water,  the  following  degrees  of  cold  will  be 
pro<luced : 
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5 
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14 

10-44 

21 

13  90  1 

6 

7*59 

15 

10^82 

2i 

14-30 

7 

7-92 

16 

11-20 

25 

14-70 

8 

a*26 

17 

11-58 

When  the  external  preasnre  to  which  the  air  is  subjected  amounta  to 
only  0'65  metre,  a  cooling  of  IQ'5^  takes  place  at  12-5'*,  and  at  0-5  metre 
it  amounts  to  12'  at  the  same  temperature.  According  to  the  preceding 
table,  dry  atmospheric  air  would  cause  the  f reeling  of  water  at  8" ;  bat 
since  common  air  contains  a  large  quantity  of  vapour  of  water,  the 
freezing  of  water  usually  commences  at  about  2°:  it  i^  only  on  high 
mountains,  where  the  air  is  dryer  a  ml  rarer,  that  congelation  take»  place 
at  higher  temperatures.  (Gay-Lussac>) — A  wet  finger  exposed  to  the  air 
becximes  coldei?t  on  the  side  from  which  the  wind  blows.-^JM-arflra,  a 
porous  water-jug  in  which  the  water  \vbich  exudes  through  the  |)ores 
eraporatee  and  thus  cools  that  which  remain?,— The  production  of  ice  in 
India  {Crell.  Chem.  J,  \,  1417)  la  according  to  Wells  {ScAti'.  22,  187)  and 
D.  Scott  (Edinb,  J,  of  Sc  8,  21 «;  also  Sc/tw,  52,  372)  an  effect  not  so 
much  of  cooling  by  evaporation,  as  of  radiation  towards  empty  space 
tbe  temperature  of  which  is  very  low- 

The  iVyt'hromrtor  of  Aiiji^^ust  (Pof/rf^  5,  69  and  33,5;  14,  130)  is  an 
instmniriit  for  dtHermining  the  hy^ometric  state  of  the  atmosphere. 
Two  MniMll  thiTiuoiu caters  <t,  6,  are  phiced  near  one  another,  one  of  them 
6  beinj(  eovored  with  wet  muslin:  it^  temperature  become»  lower  than 
tluit  id'  fi,  iij  proportion  im»  ihe  uir  in  drier  und  more  water  evaporates, 
Tho  diflerenci'  of  the  temporaturew  indiratcd  by  a  and  b  being  multiplied 
by  2,  and  ihe  product  Huiitracted  from  the  temperature  denoted  by  a,  tho 
rcmaituhT  i^hows  tho  tompcruttiro  at  which  the  aqueous  vapour  in  the  air 
will  eoiidenge, 

IF  a  thin  gkiH8  bulb  containing  water  be  purroanded  with  cotton, 
ether  diuppi*d  on  the  cotton  and  a  stream  of  air  directed  on  it,  the  water 
will  freeze  in  a  few  minute*?.  If  the  bulh  of  a  mercurial  thermometer 
be  wrapped  up  in  cotton,  then  Hiiuid  fiul[>hurou:j  acid  dropped  on  the 
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cotton  and  the  instninient  moved  about  in  the  air,  tlio  mercurj  gmdually 
*ink9  to  —  36%  then  h\h  suddenly  into  the  bulb  and  freezes.  (Buwy, 
J,  Pharni,  10,  202;  also  Sc/iw.  41,  45 L)  Half  an  ounce  of  mercury 
placed  in  a  watch-gla-ss  and  covered  with  liquid  wnlphurous  acid»  freezes 
when  Idovvu  upon  with  a  pair  of  he! lows.  (Waeltj  fSdnr.  50,  24.)  S«>lid 
carbonic  acid  moved  about  in  t!ie  air  produce.^  a  degree  of  cold  amount- 
ing to  — 72'2'  ;  if  it  be  mixed  with  etlier  the  temperature  falls  to  —  707''; 
on  blowing'  on  the  mixture  it  is  further  reduced  to — TS?".  Mercury 
immer«ed  in  solid  carbonic  acid  in  the  npen  air  freezes  in  a  few  seeonde; 
in  a  mixture  of  solid  carbonic  acid  oud  ether,  it  freezes  in^tautly.  Liquid 
carbonic  acid  eucUmcd  in  a  tube  may  uIho  be  sol  id » tied  by  immersion  in 
such  a  mixture ;  the  frozen  portion  sinks  to  the  bottom  of  thnt  which 
still  rem  a  i  us  liquid,  till  the  whole  bocome«  frozen  into  a  compact  mass 
like  that  usually  formed  by  solid  carbon ic  acid.  (Mitchell.) 

When  a  body  is  heated  in  the  air  to  its  boiling  point,  its  temperature 
cannot  be  raised  higher  liy  any  further  addition  of  heat,  becauF^e  uU  the 
heat  which  afterward  si  enters  the  body  combines  witJi  it  to  form  a  gas 
and  til  us  becomes  latent.  The  vaporizing  body  remains  cont.tantly  at 
the  boiling  temperature,  and  the  vfiponr  produced  has  likewise  the  same 
temperature,  provided  no  more  heat  be  subsequently  added  to  it*  This  id 
the  principle  of  the  Water-bath^  B^thfum  Maris  s.  Maria^f  a  covered 
vessel  ia  wliich  water  is  heated  to  the  boiling  point:  the  cover  hug 
aperturea  in  it,  into  which  a  number  of  vos'gelB  are  inserte<l  so  as  to  dip 
either  into  the  water  or  into  the  steam ;  they  are  thus  exposed  to  a 
uniform  temporaiurc  not  exceeding  100**.  If  a  lower  temneniture  be 
required,  spirit  of  wine  of  various  strengths  may  be  used ;  higher  teni- 
peratures  nuiy  bo  obtained  by  means  of  solutions  of  chloride  of  calcium  of 
various  degrees  of  concentration. 

Variations  in  the  temperature  of  a  body  hoaUd  to  ebullition  may  bo 
produced  by  the  following  cause«. 

1.  riy  change  of  atmospheric  pressuro* 

Piir,  iiichca . .     2G  2*35         27  27'5  28  2S-5  29 

Boilitig  point      98'3e6*       !>9*775*    9^-183*      9^592"      100        100-108^     100^87* 

Ifence  the  diftereuce  for  each  inch  is  about  O'SIT'*-  (Ornbam.) 

2.  If  heat  bo  nppHed  to  tbe  lower  juirt  of  a  liqiii<l,  such  as  water, 
contained  in  a  deep  vessel,  the  heat  must  rii»e  to  a  bigher  degree  at  this 
lower  part  before  bubbles  of  vnpour  can  bo  developed, — because  their 
elastic  force  has  to  overcome,  not  only  the  atmospheric  pressure,  but  like- 
wjBe  that  of  the  superincumbent  column  of  liquid,  Under  a  column  of 
water  10  metres  high  (=  I  atmf>sphere)  water  caunot  boil  below  122'^; 
hut  in  pas.**ing  up  through  the  liquid,  the  vapour  ex|mnda  and  becomea 
cooler,  so  that  when  it  escapes  at  the  surface  it  has  a  temperature  of  100^ 
{Oay-Lussac.} 

3.  Since  the  formation  of  gus  in  a  mass  of  liquid  takes  place  pnn* 
cipully  at  the  edges  of  any  solid  bodies  which  miiy  be  contained  in  it,  it 
follows  that,  when  no  such  edgCK  are  preheat,  tlie  heat  nnist  accumulate  in 
TOmewhat  greater  quantity  befi>re  the  bubbles  cnn  form ;  hence  the 
boiling  point  of  a  liquid,  f.  v.  wnter,  is  lower  by  some  tenths  of  a  degree, 
1^^  at  most,  und  the  boiling  goes  on  more  uoifoniily  and  Jess  by  Hts  and 
starts*,  when  the  surface  of  the  vesi?ei  is  uneven,  or  when  metollic  powilers, 
filings,  or  wire  are  introduced,  or  when  the  liquid  is  agitated-  (A chard, 
ScJni\  27,  27;— Gay-Liist.ac,  Ann.  Chim.  82,  174;  Ann.  Vhim,  Ph}/«, 
7,  307:— Muncke,  Gilb,  57,  215.)     Water  boils  in  metallic  vessels  at 

T    2 


070  ^^^^^r  Iff  JIT, 

lCMk\  iit  f  tan  ViiMk  §X  ^1'$$"";  ImiI  m  tbe  biiar  csi^,  the  rsp<)itr  wUicIt 
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glMk  Mili«i  p1«ihiiI  mi  t\w  iKittoni  an4  immc'r^  in  hot  water  (Id  the  bttcF 
mm  k  mM  tint  n^ivo  mt  fr#ely) ;  metallic  ^Ings  or  wire,  fragments  of 

e«h  tir  immmmUhI  jjlnaii  lowered  the  boiling  point  to  5P;  if  the  liquid 
I  I .  .1  iM  Uuil  nl   iKi*  IcinjKi'ratare,  t!ie  ebuUitioo  was  reproduced  c>u 

lUr    ua Uiuh^u  «.f  i.li»ving«  or  ftfilmters  of  wood,  (thciso  however  must 

MuawW  b«*>o  ftrloil  by  nipftJia  of  tlie  air  which  escaped  from  their  pores, 
#111  \  Rlin^br  rrt*tH»  w«to  obtained  with  alcohol  and  \miet.  (Bostock, 
,  lilfl)  \Wlpry  liauid^  heated  to  the  liollhig  poiijt  and 
k  ■  :  li\iiH  llicv  fin%  exhibit  frt'sh  ebullition  on  the  intro^luctioa 
v^*  ..Oui  is.,ji,t*,  unlv  wlwMi  a  panMMieat  fifas  Hkewbc  comes  into  play, — 
l^^wtu^  liw  mixiuxv^  cif  Uglily  mponr  and  pfmianent  gja  snstatns  the 
wmm$Ji^  v4  %>»  miW|iMffi  H  «  iMipiimture  l>elow  iaO\  Pure  bntled 
Vtilft  tT^K^«  Uti  Mmm  «t  vifflar  «B  &e  Introduction  of  pktinum  wire, 
|«ll  »<%wtwtini  MAit  mjf:  m  lAm  4mm  pm«  water  which  gtrll  contains 
*^  ^iMirr^  M  at  m  flMiani  mm  which  has  been  freed  from 
t  ^  m  kttDAill.     IW  ^mm  fkemame!D!0>n  is  exhibited  bj 

!  1^^ — , ^  lil«  hUmimAmi  ^  m  me^  wire  having  air  stilt 


^W#t  Ima  t^ — •  _  ^  lil«  hUmmmAMWm  C4  m  mem  wire  having  air  still 
%I|In«^  ^  k  \  «bl  «M#  ^ikaily  ««  l^  inmMiia^ion  of  a  piece  of 
H^.  %Vm  ^  w^m  (Btmy^in  iM  ^1^  to  ^  of  ^nlphurie  or  other 
irtiNk  ^  i4#  ^mmmmm^inmm^Aietwmmh  wbkJi  deirelope  ga^  by  tbo 


•cb  deirelope  ga5  by  tbo 


_^^^.  fct»i|Cil  lii<i»i  wwiAicit  f^ttmir  lib«  ofposUe  effect  on  the 
Wfai^  |PMM  «l  %  iM^Mii:  m^  mnm  %m.  wewalaiion  of  heat  in  the 

H<|U.U^  .^^  vil^N  ^«^vs^  ^^  K«ik^N^<tM^u^  fciT  abore  ike  boiling  point, — till  on 
)^  ^^UvXs:^^  v^cv  s\\\Vi^  x^^  W^  W  ^:qMNkNl  im  the  formation  of  'i-aponr, 
>kWi\^  Uvs»  ss^iN  v>j^^>\Viv  .^  r««^3ti^:  asM  f(v>^«^ioa  of  the  liquid,  but  also 
vs\v*i*;.>.iiM»  v.sCvvti  ^v^\  5^**3asy«i  aasit  v<W«  fnKtare  of  the  containing 
\<v9nm,v.  I  >\n2a  ;^x  ^«K>  ^^>il  jCy<*t!^  "M  W^I^a^  b«t  with  continuallj  dimi- 
Uteiuu^  ks:\\\  :]^  .%4  V^^>^  ^\«4lfe(^^  V  M«$t  aatU  i^NKams  tranquil,  till  a  ^esh 
%k,V^iiuiilHiisNU  vsf  W)^  vT*^>*.\v  ^^  :>)MK^  *oisva  v^  be  n?p«ted.  This  Jump- 
MV  '^^•.♦»^»^'»  ovvsu^fc  ^u  >4^^^sr  vv««iafeds^  :»^«4;ftte  oif  potash  in  greater 
^uSMii^iy  Jl4:a  u  xn  aKv  w^  iis«^^v\^  iit  v^*  ^'  vknol  which  contains  even 
)4  iiUiJi  v^uu^uiv  ysi  N^'yikAi^^  X  XW  ^A  ^'^  >23k^  o£  powder,  and  in  nitric 
%0k1  vXAwWikiia^  cJTV^&Lla.  v<  ^?i^^'^  ^'  >iN^,  TW  pwseoce  of  fait  oil, 
j404»i\lLn^  w  St:ryiii^\>fik  nfci^-^  iW  Vsiiit^  ik^c  v»f  water  some  degrees; 
iM»d,  accv^dia^^  w  Ma^^tsv  a  \vv^  vx  vxvi^:Iv^  >m1  xml  the  5ar€»ce  of  water 
^-^aAS^  a  rib^  ^  veaHi|»eni£^r>^  v^'  l^^  ^\»^\>  ,2Kr  bvilia^  point,  acrompanied 
Vv  TM>2»L  perr«K9MT«  ebmiiiisoo^  %^vv4  W^^^xjir  mi:^  into  quiet  boiling 
as  aooa  »  tiw  bjer  of  ou  b<v»ai^  bcv^^  V^r  WW«^  of  rapour.  Water 
koldiBg  3alfi^  in  solwaotu — e.y.  »e**i?Hi  tc*^«i4x^  n>c  poca^k.  and  moreespe- 
oiallv  cai&^-Qc  pocasli---ha^  a  ^:re*«  ustOKSK^v  ^  WoKtte  ovewkarg^  with 
koal,  ISO  ihas  che  Ik^uki  A>W5  on?r  wheu  surre^L  TV  yc^euce  of  netal 
^«^  wire,  or  cuttiags  teotis  to  prevem  irre^lar  ebolbiioii.  inasmucli  as 
VAOtallic  points  ^Mnliaiie  the  fonnatioB  »f  bttb^l«^$:  but  according  to 
i^raud  (JLmm.  Oitn.  Pk^  5d.  4;i^>,  piatinaai  i$  uo*  memHv  j^  eftcactous 
%«  line  or  irvn.  meuls  ia  fiict  which  decooipo^  water.-^though  the 
lim  ^daced  in  saline  sclutiooe^  under  such  cixcoBks€aac««>  »  not  seosIUj 
^IhlUltUhod  bat  oolj  elightlj-  tankked. 
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When  a  volatile  borly  haa  it-s  boiliog  point  rai-^ed  by  coml»i nation 
with  a  less  volatile  eubstance,  the  vapour  at  tbe  moment  of  its  formation 
likewise  possesses  the  higher  temporattiro,  but  quickly  cools  tlown  to  tho 
ordinary  hoi  ling  point  of  tho  body:  e,  g,  vapour  of  water  evoJvetl  from 
boiling  saline  solutions.  (Gay-Lnseac,  Ann.  Vkim,  Phtjs,  20,  324;  70,  420,) 
- — Pambour^  JaJtresh.  1!)^  ^S.)  Accordiug  to  Famday  {Ann.  Chim, 
P/ifs.  20,  325)  and  Rudberg  {Fogg.  34,  257)  the  vapour  of  water  e  vol  veil 
from  boiling  saline  solutions,  even  from  a  solution  of  chloride  of  calcinm 
which  boils  at  150^,  \ms  always  the  temperature  of  100''. 

When  a  volatile  liquid  is  situatetl  at  the  bottom  of  a  less  volatile  one 
w  ith  which  it  does  not  mix,  its  boiling  point  is  somewhat  raised  in  pro- 
pfjrtion  to  the  pressure  exerted  by  the  npper  litjuid;  but  the  temperature 
of  t!ie  vapuur  bubbles  which  riBo  from  the  lower  through  the  upper  liquid 
is  below  the  boiling  point  of  tho  more  volatile  body,  becauso  its  vaponr 
becomes  mixed  to  a  certain  extent  with  that  of  the  upper  liquid  {the 
temperature  of  which  is  somewhat  higher  than  that  of  the  lower)^ — so  that 
the  miied  vapour,  by  virtue  of  the  sum  of  its  tensions,  is  able  to  balance 
tlie  pressure  of  the  air  at  a  somewhat  lower  temperature.  Thus,  the 
boiling  point  of  sulphuret  of  carbon  situated  hehiw  a  layer  of  water  ia 
47^^  and  tho  temperature  of  the  mixed  vapour  4:]",>  ;  tlie  temperature  of 
water  boiling  under  oil  of  turpentine  is  102^,  and  that  of  the  mixed 
vapour  I}4'5\  A  volatile  liquid,  situated  above  a  less  volatile  one,  f»  y. 
water  above  mercury,  boils  at  the  same  temperature  as  wlien  alone. 
^Magnus,  Pofjg,  38,  48 K)  Cmnp.  Liobig  (P<*gg.  24,  277)— Gay-Liiesac 
(Ann,  C/iim,  Pys,  40,  303.;  50,  111). 

L adeiif rosins  Etpet'immit,  When  a  volatile  liquid  is  dropped  on  a  sur- 
face heated  to  redness  or  a  little  below,  it  does  not  adhere  to  the  surface,  but 
swims  ujion  it  in  a  globular  form:  neither  does  it  become  heated  to  its  boil- 
jug  point;  but  diminishes  slowly  in  consequence  of  the  formation  of  vapour^ 
which  escapes  between  the  healed  surface  and  the  liquid,  and  like  wise- 
when  the  quantity  of  liquid  is  considerable — ec?caj>es  in  bubbles  through  it. 
When  the  temperature  of  the  surface  falls  to  a  certiiin  point,  the  liquid 
comes  in  contact  with  It,  boils  with  violence,  and  is  rapidly  converted 
into  vapour,  Tlie  surface  may  *?onsist  of  platinum,  silver,  copper,  iron, 
and  other  metals,  or  of  ghi'^s  or  porcelain;  but  tho  lower  its  conducting 
j>ower,  the  more  strongly  must  it  be  heated.  The  experiment  succeeds 
with  sulphurous  acid,  ether,  alcohol,  water,  oil  of  vitriol,  and  mercury; 
the  higher  the  boiling-point  of  the  liquid,  the  more  strongly  must  the  sur- 
face he  heatt-^d.  A  nmall  phitinnm  crucible,  strongly  ignited  over  an 
Argand  i?pirit-Iamp,  may  he  gradually  tilled  wtth  water  to  the  brim. 
Melted  slags  falling  in  drops  upon  water  swim  for  some  time  on  the  sur- 
face in  a  state  of  incandescence,  and  then  sink  with  a  hissing  notee.  (Fara- 
day.) Alcohol  dropf>ed  on  an  almost  boiling  mixture  of  alcohol  and  oil 
of  vitriol,  swims  upon  it  in  globules.  Pota>sh  and  its  salts,  likewise  char- 
coal powder  or  ink,  added  to  the  water,  interfere  with  the  phenomenon, 
according  to  Pouillet,  The  same  appearance  is  presented,  according  to 
Delatre  ife  Boutigny,  by  sulphurous  acid,  water,  and  ether,  even  in 
vacuo,  If,  on  the  other  hand,  a  heated  glass  flask  containing  ether  in 
this  peculiar  floating  condition  be  stopped  with  the  finger,  and  the  forma- 
lion  of  vapour  thereby  prevente^l,  the  phenomenon  will  be  arrested. 
(Desmarcijt.)  Liquids  in  this  fitate  are  not  resolved  into  permanent 
gases,  but  evaporate  unchanged.  Oti  connecting  the  metallic  surface 
with  one  pole  of  a  simple  galvanic  circle,  and  the  liquid  with  tho  other,  it 
is  found,  according  to  Poggendorff,  that  no  electric  curreut  passes,— and 
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conaequonUy,  tbc  llqDid  and  the  heated  8urf»ofi  are  nat  m  contact. — Tho 
he&t  which  radtatci*  fn»m  the  htrftteti  surface  undoubtedly  prttduces^  heforo 
the  Aurfaee  and  the  liquid  can  come  into  immediate  euntact,  a  quantity  o( 
vapour  sufficient  to  surijiort  the  liquid;  and  this  vapour  bein^  continually 
renewed  prevents  the  litiuid  froni  touching  the  surface,  and  ihua  intorcepU 
the  more  rapid  transniifcsion  of  heat  by  coudactiotu  [Comparf  Eller  {Hut, 
de  CAcad.  de  BmL  \li\^,  42),  who  appears  to  have  been  the  first  to  ob- 
serve the  effect;  Leidonfrogt  {De  agitfjt  co?nm.  qnalUaiibuji.  Duidj*  175(J); 
Klaproth  (Schrr.  J.  7,  64(1);  Muncke  {Po^ff.  1J>,  514);  Faraday  (V«.  J, 
o/Se,  J<i,  S.  d,  221);  Buff  {Pof/ff,  25.  591;  abo  Ann,  Pluirm,  2,  220); 
Lechovallier  {J.  P/uinn.  IG,  um}]  Baudrimont  {Ann.  CUhn,  Phys.Bl, 
319);  Laurent  {Ann,  Chirn,  Phyi.  62,  327);  Bouti^y  {Poffg.  51,  130); 
Ensmano  {Pog^,  51,  444);  Ritter  {J.  pr.  Ckem.  10,  108);  DeJPmarest  {J, 
Pharm.  26,  746);  PoggendortT  (7%i7.  52,  538).] 

The  statement  of  Jjujuomyua  {Pogg,  37,  46?)*  that  the  bettoin  of  a 
metallio  vessel  may  be  touched  with  impunity  a«  long  ^  water  is  boiling 
in  it,  deserves  verification. 

When  a  volatile  body  is  exposed  to  a  high  iemporature  in  a  n arrow 
space,  either  vacuous  or  tilled  with  air,  and  enclosed  by  solid  walU,  the 
vapour  produced  from  it  acquires  a  continually  increttBiug  elasticitv,  and 
thu8  rai»e«  the  temporaturo  of  the  body  more  and  more, — so  that  at  length 
a  degree  of  heat  is  attained  at  which  the  body,  under  the  ordinary  tempo* 
rature  of  the  air,  would  bo  instantly  converted  into  vapour.  (Papin'* 
Digt^er,) 

IT  Faraday  has  succeeded  in  freojsiog  mercury  in  a  red-hot  platinum 
crucible,  by  putting  into  the  crucible,  Hryt  ether,  then  solid  carbonic  acid, 
and  then — when  the  wh«de  is  in  the  spheroidal  state^ — ^dipping  into  it  % 
email  metal  gpoon  containing  between  400  and  500  grains  of  mercury. 
The  mercury  freezes  in  two  or  three  seconda.  (iV,  Ann,  Chim,  Phi/s,  19, 
BS3.)  The  iilm  of  vapour  which  intorveno.s  between  the  red-hot  metal 
and  the  semi-fluid  mass  of  ctlior  and  carbonic  acid,  completely  prevents 
the  communication  of  lioat  from  the  crucible  to  the  morcury.^ — In  a  similar 
manner,  water  may  be  frozen  in  a  red-hot  crucible  by  the  agency  of  liquid 
sulphurous  acid,  % 
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d,  Incrmst  of  Volume. 

The  expaneion  of  a  body  on  passing  into  the  ipaseoufl  state  rariei 
according  to  its  nature,  and  likewise  according  to  temperature  and  exter- 
nal pressure. 

One  measure  of  water  at  0^  yields,  under  a  pressure  of  0'76  metre, 
1700  measures  of  vapour  at  100',  according  to  Gay-Lusisac,  and  1728 
acoording  to  Daltoni  1728  is  the  cube  of  12;  hence,  according  to  D«lton'« 
view,  the  atoms  of  water  in  the  gascouii  state  must  be  removed  from  ono 
another  12  times  as  far  as  in  the  liquid  state;  if,  bowcver,  there  be  any 
foundation  for  this  supposition,  it  must  be  true  for  all  external  preainirea, 
(On  the  expansion  of  certain  other  bodies  by  conversion  into  gas,  cfm^p, 
pp.  57,  3,  and  73,  1 ,) 

From  the  following  table.  Gay-Lnssac  concludes  {Ann,  Chlm,  Phi/s,  2, 
130)  that  bodies,  in  adsuniiug  the  gaaeous  form,  expand  so  much  the  less 
in  proportion  as  they  suffer  a  greater  amount  of  cQutractioQ  in  cooling 
from  their  boiling  points  : — 
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Water. 

Alcohol. 

Sulphuret 
of  Carbon. 

Ether. 

Contraction  of  1000  measures  of  liquid  when 

28-56 

5602 

56-28 

7207 

cooled  from  the  boiling  point  to  a  tempera- 

tare  50""  below  it 

Quantity  of  vapour  at  100^  (in  litres)  produced 

1-700 

0-661 

0-402 

0-411 

by  I  gramme  of  liquid 

• 

Measures  of  vapour  at  100®  produced  by  1 

1633-1 

488-3 

491-1 

285-9 

measure  of  liquid  at  the  boiling  point 

Specific  Gravity  of  Inorganic  Gases. 


Weight  in  grammes  of 

Specific  Gravity,  that  of  Air 

=  1-0000. 

1  Litre  of  Gas  at  0*; 

Bar.  0-76  met 

of 
H=l 

Calcu- 
lation. 

Observation. 

Calcu- 
laUon. 

Observation. 

0 

16 

11093 

1087    FS 

1088 

AP 

1  1026 

BD 

1-4410 

1-4828  B  D 

1-488  Bf 

1108       K 

1-1081 

Bf 

11036 

BA 

1*4337  B  A 

11056      S 

11057 

DB 

1-1117 

To 

1128  HD 

H 

1 

00693 

00688  B  D 
0  0769      L 

0-0698 
0-092 

To 
Ca 

00732 

BA 

0-0901 

0-0894  B  D 

0*0951  B  A 

HO 

9 

0-6289 

0-6285      G 

0-625 

Dz 

06896 

Tr 

08105 

0*81  G 

0-812  Dz 

C? 

6 

0-4160 

0  5404 

CO 

14 

0-9709 

094        Da 
0-9698    To 

0-9400 

CD 

0-9678 

Cr 

1-2609 

1-14  C  D 

1-2481  Cr 

CO« 

22 

1-5252 

1-4993      L 

1-5191 

Bf 

1-5196 

BA 

1-9814 

1-9784  Bf 

1*9741  B  A 

1-524     A  P 

1-5245 

BD 

1-5026 

S 

1-9805  BD 

1-57  CaDa 

B? 

10-8 

0-7487 

0-9726 

P 

62-8 

43539 

442        Ds 

4-58 

Mt 

5*6561 

PH»    .... 

172 

11926 

1146      Ro 

1-1214 

Ds 

V165 

Bf 

1-5493 

1-5184  Bf 

8 

96 

66656 

6-5635    Ds 

6-9 

Mt 

8*6463 

SO* 

82 

2-2186 

2198    HD 
2-234      Te 
2-268        K 

2-2222 
2247 

To 
Bz 

2-2277 
2-2558 

Bf 
GT 

2-8821 

2-894  Bf 

SC» 

40 

2-7732 

8-0          Mt 

3-6027 

SH 

17 

1-1786 

1-106       K 
1-1967  H  D 

1-1791 
1-236 

To 
Te 

11912 

GT 

1-5311 

1-6475  G  T 

CS« 

38 

2-6345 

2-6447      G 

2688 

Cb 

8-4225 

8  4357  0 

8'4858  Dx 

Se? 

240 

16  6392 

21-6160 

SeO«    .... 

66 

38825 

4-08       Mt 

50437 

SeH 

41 

2-8425 

2795      Bi 

3-6927 

I   

126 

8-7856 

8-716      Ds 

11-3483 

11*828  Ds 

IH 

63-5 

4-4024 

4-3757    To 

4-4429 

G 

5-7191 

5*7719  G 

PH»,IH. 

40-35 

27975 

2-769      Bi 

36342 

Br 

78-4 

5-4355 

554       Mt 

7*0618 

BrH 

39  7 

27524 

1-906       Bi 

36756 

CI 

35-4 

24543 

2  34      D  A 
2-47     G  T 

2-395 
2-5 

HD 

To 

2-424 
2-713 

G 

To 

31884 

3 2088  G 

CIO*  .... 

83-7 

2-3364 

- 

30352 

CIH    .... 

182 

12618 

1-23       Da 
1-278   BG 

12474 
1-2844 

BA 

To 

1-2555 
1-43 

Bf 
Br 

1-6392 

1-6205  B  A 

]'631  Bf 

COCK... 

404 

84240 

8-4604    To 

8-6808 

JD 

4-4493 

BC1>  .... 

586 

4-0558 

8942      Ds 

5-2689 

5*1212  Ds 

PC1»   .... 

68-8 

4-7699 

4-875      Ds 

61965 

6*3682  Ds 

PC1»   .... 

69-47 

4-8161 

4-85        Mt 

62566 

S«C1 

67-4 

4-0728 

4-70        Ds 

4-77 

Ma 

60704 

SO"  CI    .. 

67-4 

46728 

4665     Rg 

6-0704 

F? 

18-7 

1-2964 

1-6841 

FH? 

985 

0-6829 

08871 

^^^^^^^^^^^^H^^^^^m^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H^^^hH^^^^^^^^^^^^^^                                   ^^^^^^^I 

^ 

Wt'iffht  ill  Urwmtti^  of     H 

Specific  Griivity,  Umt  of  Air  -  lOOOO,                                   1  Litre  of  Ga^  at  U^ ;        ^ 

Bar.  0-7 1)  met.            ^ 

Crtlcu. 
Iflitnn» 

OlnierratioD. 

Cnk-u- 
Intuni. 

Ob>Arrvatit.ii.      ^M 

nv* 

.^a4. 

2:illiO 

2  3124     Ds'2.Hl01       To 

2'37O0     J  D 

9 

N ' 

li 

0U7OU 

0  942*1      L 
0  972    DB 
0  9729    Trt 

0-007      Hi> 
0-9757    BD 

0  0001     B  A 
O'0H5           K 

12609 

1-259  8  A     1-207^  S 

^1 

NO 23 

J    132^2 

1-9029     Bl 
1014      Da 

1-5204      Co 

1-5200      To 

10814 

l-$)752  Co                 ■ 

NO" 

15 

10^109 

10S88    lie 
1  1HK7      K 

l-Oll         Tti 

1091      HP 

135O0 

1-S405  Uc                H 

NO* 

9:t 

lfi9ia 

I7i        Ml 

20715 

^H 

NH»  ..... 

8J 

ri'dsoa 

OflO          K 

0-5031       To 
0-0022     A  I* 

0  5907     BA 

07(155 

0^7752  B  A      ^^M 

Nn«.co« 

13 

onoiij 

08992    Ro 

000           Bi 

M70S 

^^^^H 

NH>.2SH 

1274 

OfctSNU 

0884       Bi 

M181 

^^^^1 

N  H^  CI  H 

13-38 

O-flldtf 

O'SOO       Bi 

1  3<>i3 

^^^^H 

St?....... 

]4'8 

I'fvaol 

1  aaao 

^^^H 

SiCl* 

8515 

5  0347 

5-039      D* 

7  7008 

7  7l6iD«         ^^M 

mv* 

aS2 

a-fiinn 

3  5735  J  11 

4  7014 

^H 

Ti?.. 

246 

I  (iD^a 

32000 

^H 

TiCl"  .... 

95a 

6'*JU72 

6-830      Bn 

nooo      Db 

1-17          Dtt 

8-58S4 

8881  Ds                 ■ 

Crni'.acr 

795 

55117 

5  5           Ds 

59             W 

7'l0f*a 

^^H 

As •' 

1«0'4 

10  Vi72 

100          Mi 

13-5150 

i^^^^l 

A.o>.....:i«*B* 

13  75A1 

13  85        Mt 

17-8002 

^^^^1 

Asn>  .... 

•Ml 

2  7luH 

2  005       D« 

3-5210 

3  dU2S  Ds        ^^H 

Asl"  .... 

^•iiit} 

l.>71<>\i 

HVL           Mt 

80-4091 

^H 

A»C\*.... 

ml 

CJ-2SS2 

03000    D» 

81090 

8  1852  Ds         ^^M 

'                 Sb? 

2m 

17  8871 

23  2571 

^^^H 

,                SbCl*.... 

1170 

1    81532 

78         Mo 

10  591 H 

^^^H 

Te7 

aai 

300227 

.145^55 

^^^^^^ 

Tell 

Off 

4  5001 

4-49         Bi 

5  8513 

^^^^M 

NK^ToH 

20-5 

1  421  a 

132         Bi 

IS  101 

^^^^^M 

Bi? 

lOfl-4 

7-3707 

9-5831 

^^^^H 

Bi"Cl»y  .. 

158^« 

10'0'^S 

11-35         Jq 

14  2755 

^^^^^M 

8i>?  ....*. 

59 

409115 

fi-.1f39 

^^^^H 

StiCl*.... 

1298 

e99t*a 

0-1 0^7     D» 

11*0900 

11  9511  D»                 H 

Hg- 

1014 

70301 

0970    n» 

7  03          Ml 

9-1.32.H 

00025  D»         ^^M 

hU> 

78-27 

5  42U2 

5-51        Ml 

70402 

^^^^H 

Hgl  .... 

227-4 

I5  7tV5rJ 

150          Ml 

20  IHM 

^^^^^ 

Hf^*l^r 

140  0 

U7l7a 

H>14        Mt 

12  00;U 

^^^^^^1 

Hj^Hr  .... 

17118 

12-4050 

12  10        Mt 

1(1104 1 

^^^^1 

Hk-IU,..- 

lUfl 

8  2-t;2 

8  35        Ml 

i.)-72ao 

^^^^H 

HgCI 

13SS 

iMHl:t 

9-H          Ml 

12U2U 

Jiemarhs  on  the  preceding  Table.                                     S 

AP.  fknotos  Allen  &  Pcpya;  Be.  Bcrard:  Bf.  BiifT;  Bi.  Bineau;  Br.  1 

Brisson;  Bt.  Bcrthollct;  Bz.  BrrzHitis;  BA.  Biot  &  Amno;  BD.  Borzc-   * 

Vnis  &  Pulong;  BG,   Biot  & 

z  Gi\y'LuiS!iiic;  Ca.   Ca 

voiulis'li^  Cli.  Coucrliei 

Co.  Ceiliii;  Cr.  Cniiksbiiuks; 

CD.  Clement  Sc  Deso 

mieai  Da,  Dalton;  Duk    ^ 

Deiman;  Da.   Dumti^;  J}z.  Dcspretz;    DB.   Diiiiias  &   Bo«.^sin^nu1tj   Fl>.  fl 

Fourcroy,    Vsnuitulhi,  &  Se;ruin;    G.    Gay-Lo.st4ao:   GT.   Gay-Lussac   k  H 

TlR'niini;  H.  HeiH'y;   HD.  Hum j»liry  Davy;  JD.  .Tuljii  Davy;  J<j,  Jai^uc-  H 

lain;  K.  Kirwnti;  L,   Lavui.sier;  Ma.   M.irdiatul;    Mt   Mitscherlicli;  Rg. 

Rcrjnault;   Bo.   Hose;   S.  S.aiiK^tiro;    To.   TJu-nanl;    Tf.  Troimdorf;    To. 

Thomson;  Tr.  TraOes;  \V.  Walter,                                                                       h 

The  calrtilaMon  of  tlie  specific  gnuity  of  gafics  rests  upon  tlie  foBow-   1 

artj  those  given  on  page  .TO,  anil  coui^crjuontly,  that  if  one  measure  of  oxy-   H 
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gcri  gas  weigh  10,  rme  measure  of  nitrogen  gtis  will  weigh  14,  ami  one  moa- 
^ure  of  carboTiic  acid  gas  22.— (2.)  That  the  air  is  a  mixture  of  21  men.- 
&nres  uf  oxyi,'i'i),  7H  05  of  nitrogen,  and  005  t>f  carhotiic  acid  gas.  If  x 
denote  tlie  sp,  gr.  of  oxygen,  //  of  nitrogen,  and  z  that  of  carbonic  acid 
gaa  (that  of  air  =  1)  tlien  U-2i  .r  4-  O'7S05  t/  +  0*0005  r  —  1;  moreover, 
7  gc  =  8  y;  and  1 1  jr  =  8  r.  From  this  we  tind  that  the  s|J€ejfic  gravity  of 
uxygen  in  MOO 26,  that  of  nitrogen  0  0706,  antl  that  of  carbonic  acid  ga^ 
1  '5252.  From  on«?  of  these  tliree  magnitudes,  taken  as  a  starting  point,  tho 
specific  gravities  of  the  romaining  substances  have  been  calculatcil  accord- 
ing to  tlietr  atomic  vreiglits, — and  from  the  8ame  data  it  has  likewise  been 
detennined  whether  ihey  tmdergo  0,  1,  3,  6,  0,  12,  18,  or  24-fold  expaii- 
gion  in  tlie  g.iseoiKS  ^tate.  The  specific  gravities  of  those  suhstaiicos 
which  in  iha  table  have  a  note  of  interrogation  put  after  thenj,  have  never 
been  determined  by  direct  experiment;  in  the  hyjjothetical  calenhition  of 
them  it  has  been  assumed,  according  to  analogy,  tliat  the  vapours  of  iiclc- 
niiim  and  tellurium  ar»^  (J -atomic,  vapour  of  antimony  2-atomic,  and  the 
vapours  of  carbon,  boron,  fluorine^  bydroHiioric  acid,  sUicium,  titanium, 
bismuth,  and  tin,  are  1 -atomic  ga,se.*.  The  dilicrences  between  the  result** 
of  ealculatiou  and  experiment  are  easily  explained  in  the  ca$o  of  vapourt*, 
because  the  exact  determination  of  their  specific  gravity  is  subject  to 
great  difJicultie^.  The  dilferences  between  the  results  of  calculation  and 
observation  in  tho  case  of  the  permanent  gases  perhaps  arise  from  tho 
adojition  of  incorrect  hypotheses  in  the  rakidation,  f.fi.  the  atomic  weight 
of  nitrogen  may  have  bciui  assumetl  too  low.  Since,  however,  the  results 
of  the  most  dif>tinguiiihed  ohiservers  frequently  differ  more  from  oue  ano- 
tlier  than  from  the  calculated  specific  gravity,  a  new  and  exact  revision 
of  the  Bpecific  gravities  seems  to  be  required,  to  enable  us  to  ilecide  posi- 
tively respecting  tlio  correct ue^  or  incorructnc.s.s  of  the  a^samcd  hypo- 
theses* 

One  litre  (or  1  cubic  dcY-imotrc)  of  water  at  -f  4' (its  point  of  greal<»8t 
density)  iveighs  lOOO  grauvmcs.  I  litre  of  atmospheric  air  under  the  45th 
parallel  of  latitude,  at  0°  C.  and  0-7ti  met.  atmospheric  pressure,  weighs, 
a<xording  to  Biot  &  Arago,  12091  gramme  (according  to  Duma^  &  Bous- 
einganlt  I  •20i)5).  Thin  gives  for  the  weight  at  4% — sine-e  at  this  temperaturo 
(p.  224)  the  air  is  expnuded  ^^^j  of  it^bulk  alO°  (278  :  274  —  l'2i>01  :x), 
128  gramme.  To  tind  the  weigiit  of  a  litre  of  any  other  gas  at  0' and 
0'74i  met.  bar.  multiply  the  npecitic  gravity  of  tlie  gnu  by  1*2991  (the  «p, 
gr.  of  air  ^=  1),  In  tbis  manner  wc  may  obtain  with  tolerable  accuracy 
the  relation  by  weight  of  water  to  tho  gas,  since  1  litre  of  water  weighs 
iOOO  grammes* ;  only  it  must  be  remembered  that  the  weight  of  the  ga3  h 
taken  at  0  ,  and  that  of  the  water  at  -f  4  ,  If  we  would  find  the  relation 
between  the  s^pceific  gnivitie.^  of  tho  gas  and  water  at  the  same  tem|»€ra- 
ture,  y\r..  -|-  4  ,  wc  must  assume  that  of  water  =  1000,  and  multiply  the 
^P-  gr,  of  the  gas  (that  of  air  —  1)  by  1  •28. 

Acconiing  to  the  preceding,  the  specific  gravity  of  air  at  0",  and  under 
a  pressure  of  07C  metre,  i.^'to  that  of  water  at  +  4=*  as  I '2001  :  1000; 
hence  (i^ince  l"299l  :  1000  =  1  :7G0'7)  water  is  770  times  a^  heavy  a.? 
air*  If,  then,  the  ep,  gr.  of  air  ^^  1,  that  nf  wjiter  =  770;  and  if  tho 
specific  gravity  (that  of  water  =  1 )  of  any  liquid  or  sol  id  body  be  multi- 
plied by  770,  tho  product  w^ill  ho  its  gpecific  gravity,  taking  that  of  air 
=.1.  On  the  contrary,  to  rcduec  the  sp.  gr.  of  a  ga^  (air  =  1)  to  «hat 
it  will  be,  taking  water  =  l,  we  divide  the  former  by  770.  To  find  the 
expansion  which  a  body  undergoes  in  assuming  t!ie  gaseoug  form,  multiply 
it»  sp.  gr.  (water  =1)  by  770  (the  [irofluct  will  be  its  sp,  gr.  air  =  1), 
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and  divide  this  product  by  the  gp.  gr,  (air  =1)  which  it  bjis  in  the  gaseous 
etate;  t,  cf.,  in  the  case  of  water:  1-000  (gp.  gr.  of  water)  x  770  =^  770; 
and  770  :  0 -6231*  (ep.  gr,  of  vapour  of  water)  ^  1234  1 ; — for  sulphur 
t:^*^^^  =  231*4;  that  is  to  say,  1  volume  of  water  at  0  yields  1234  1 
vol 0 met  of  vapour  of  water  at  0"  and  0  7 6  met.  pressure;  and  1  volume 
of  sulphur  yields  231*4  volumes  of  sulphur  va[X)ur, 

[Poggendorflf^s  tables  on  the  e^pecific  gravity  of  gaees.  {Pogg*  17,  259  ; 
21,  C21»;  41,449;  41*,  416.) — Buff's  method  of  determining  the  specific 
g^ravity  of  gasea.  (Potjfg,  22,  242.)  Dumaa*  Directions  for  determining 
the  ep.  gr,  of  gaae^,  (inn*  Chim.  Phy$.  33,  341;  also  Fogg,  25,  236;  aUo 
Ann,  Fharm.  3,  59.)     Mit«cberlicb's.  {Piygg.  29,  193.)] 

C,  Quantity  of  Heat  in  Gases. 

The  quantity  of  combined  heat  in  gases  varies  according  to  the  natur© 
of  tlie  ponderable  body,  and  likewise  according  to  the  pressure  to  which 
the  gM  !£  sabjected. 

a.  According  to  the  Nature  of  the  Ponderable  Body, 

The  quantity  of  combined  heat  in  the  more  permanent  gases  can  only 
be  approximately  rletcrmined  from  the  development  of  heat  which  takes 
place  in  the  chemical  combination  of  their  ponderable  elrment^^  with  other 
suhsiances  to  form  uon-gaseoiis  corafJOUiHis; — this  development  of  heat  is, 
however,  partly  due  to  the  act  of  chemical  combination.  The  quantity  of 
heat  set  free  in  the  absorption  of  acid  gasea  and  jimmonia  by  water  being 
but  smiill,  it  would  seem  that  these  gases  possess  less  beat  of  fluidity  than 
vapour  of  water  and  eorae  other  vapours. 

The  quantity  of  heat  iu  vapours  is  found  by  conducting  a  knoT 
weight  of  the  vapour  (prodoced  by  boiling  the  non-gaseous  element  in 
a  retort)  through  a  worm-tube,  or  into  a  receiver  surrounded  with  a 
knowD  quantity  of  water — or,  in  the  case  of  vapour  of  water,  directly  inta, 
the  water — tind  observing  the  increa.*ie  of  temperature  produced  in  tbef 
water  by  the  condensation  of  the  vapour.  This  increatse  of  temperature 
(expressed  in  degrees)  multiplied  by  the  volume  of  water  in  tbo  receiver 
(the  weiglit  of  the  conden.sed  vapour  being  assumed  ^  1)  i»  equal  to  tha 
beat  of  fluidity  set  free  by  the  condonsation  of  the  gas,  -|-  t!io  docrea 
of  temperature  which  tfio  condensed  matter  uudcrgoe?^  from  its  boil- 
ing point  to  the  tomperaturo  exhibited  by  the  water  at  the  end  of  the 
experiment. — Pcrsnz  {Vhini.  mohc,  2.50)  beat^  the  liquid  to  its  boibng 
point*  and  then  drops  it  with  a  pijH?tto  upon  mercury^  tho  iempemturo  of 
which  h  about  /lO  above  tlie  boiling  point  of  the  liquid,  till  the  mercury 
is  nearly  cooled  down  to  that  point, — and  detorminea  the  qnantlty  of  heat 
which  has  become  latent,  by  observing  the  temperature  of  the  mercury 
before  and  after  the  experiment,  the  quantity  of  the  mercury,  and  that  of 
tho  liquid  evaporated. 

TcMe  of  the  Latent  Heat  of  Vapours, 

Column  A :  Name  of  the  substa.nc<^. — B :  Its  specific  gravity  in  the  liquid 
or  solid  state. — C:  Number  of  degrees  centigrade  above  0°  which  tho  vapor- 
ized body  would  exhibit  at  Itn  boiling  fiointi  if  none  of  the  heat  were  ren- 
dered latent. — D:  Deilucting  from  this  the  heat  required  to  raise  the  sub- 
fitance  from  0   to  its  boiling  point,  tho  remainder  is  tho  quantity  of  latent 
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teat  in  the  Tapour  at  the  Wiling  point. — E:  Nuinl>cr  of  degrees  by  wbicU 
the  temperature  of  water  at  0'  would  be  riiised  hy  the  qimnihy  of  heat 
which  the  t^ame  weight  of  vaporized  nmtter  at  It^  boiUu^  point  would  give 
up,  if  it  were  to  log»3  its  gaseous  cotiditiuu  and  be  cooled  down  to  0^ — F: 
The  Banie  after  deducting  the  quantity  of  heat  required  to  ii«>at  tbo  auhstauce 
from  0*^  to  its  boiling  point, — and  found  by  multiplying  the  specific  lieat 
by  the  number  of  degrees  ut  which  the  boiling  point  is  fixed.  This 
column  F  server,  therefore,  for  comparing  the  quantities  of  latent  boat  in 
different  vaporized  sub.stances.  If  the  numbers  in  columns  E  and  F  be 
divided  by  tbe  specific  heats  of  tbo  respective  substances,  the  quoticnta 
will  give  the  numbers  in  columns  C  and  D:— these  numbers  might  be  ob- 
tained directly  by  experiment  if  the  vajiours  of  tbe  several  substances 
were  parsed,  i^ot  tli rough  water,  liut  tlirongh  the  bodies!  from  which  they 
are  respectively  formed,  e,  g.  vapour  of  alcohol  through  cold  alcohol^  &c, 
G:  name  of  the  observer. 


A 

B 

C 

D 

E 

G 

G 

Waief «.*...« 

10000 

1-0007 

0-978 

1-495 

0-793 

0-815 

0-825 

0-715 
niidett*rmined 

0-872 
undetermined 

670° 

650 

637 

631 

624 

410-7 

210 
323 

570' 
550 
537     1 
531 
524 

331-9 

174*5 
166-2 

670^ 
650     1 
637 
631 
624 

255-5 

109-3  ' 
149-2 

570^ 

550 

537 

531 

524 

485 

4135 

295-5 

207-7 

240 

245-5 

90  B 
168 
I  76-8 

9B'S' 
124 

98-8 

80 

Mil  111  ford 

Acetic  iLcId  ....>.  .... 

Clem.  Dcaormcfi 

Ure 

Despretz 

Wfttt  ^ 

Ui*e 

Solution  of  ammonia  * , 
Hjd rated  njlric  add    . . 
Alcohol •.. 

Ure 
Ure 

Deapr'jt^ 

Guy  Litflsac 

Ure 

Desprctjfi 

Ure 

Dcfiprctz 

Ure 

Gay-Luaaac 

Ure 

Ether    •,*.* 

Oil  of  turpeiitiii«i  rect. . 
Eock-oil * , .  . .  • . 

Sulpburet  or  carbon  . . . 

Deijpretz 

The  quantities  of  heat  required  for  vaporization  appear  to  bo  to  one 
another  nearly  in  the  inverse  ratio  of  the  denflities  of  the  vapours  pro- 
duced, and  therefore  also,  in  some  measure,  of  the  atomic  weights  of  the 
corresponding  substances:  for  on  multiplying  the  hitent  heat  of  a  vapour 
by  tt^  specific  gravity,  we  obtain  a  set  of  numbers  nearly  equal  to  one 
another.  If  t!io  latent  heat  belonging  to  the  substance  in  iti  liquid  state, 
whiel^  however,  is  known  only  in  the  case  of  water,  were  added  to  the 
other  portion  of  latt*nt  heat,  a  more  exact  coincidence  would  perhaps  be 
obtiiined.^Tbi.H  law,  however,  doea  not  yet  agree  with  the  results  of 
experiment  sufficiently  well  to  entitle  it  to  be  considered  as  established, 
{Comp.  Th.  Sausaure,  N,  OehL  4,  97;  also  Gilh,  29,  126;  Ure,  iV*.  Tranis. 
1818,  p.  385]  also  *Schw.2H,  360;  Pesprotz,  Ann,  Chtm,  F/tys.  24, 
323,) 

H.  I  subjoin  the  following  talde  of  the  latent  heata  of  vapours 
recently   determined   by  the   expcrimeuta    of    Favre    and    Silbermann 
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vliich  it  b  subjected,  auid  irhateTer  majr  he  it?  cbistieitv  and  tempera- 
tare:  but  of  the  beat  tbus  contained  in  i:.  :Le  quantity  existing  in  the 
combined  j^tate  increases  as  the  pressure  on  the  vapoor  diminishes,  and 
con^eQuentlv  as  its  temperaiore  falls, — while,  en  the  contiary,  the  qoan- 
titv  of  free  or  uncumbincd  heat  increases  as  the  pn?S!5Tire  is  increased,  and 
consequently  as  the  vapour  becomes  hotter.  ^Sharpe,  Manck.  Mem, 
1813;  al<o  J«».  PkiL  19,  302.  Clement  ^  I>es«ormes,  Thrnard,  TraiU 
de  CAlmie,  ed.  4,  1,  81.     Pimbour,  /hj^iVm/,  Xr.  256.) 

Oce  pound  uf  saturated  aqueous  vapour,  at  anv  temperature  whatever, 
forms,  with  Si  lb.  of  water  at  0'.  6|  lb.  of  water  at  100',  i.  f.  the  vapour 
parts  with  550^  of  heat,  ia  order  to  become  liquid  water.  Such  is  the 
case  with  aqaeoas  vapour  of  100  C.  and  a  tension  =  1  atmosphere, 
aqueous  vapour  cf  152'  C.  and  a  tension  =  4  atmospheres,  and  aqueous 
vapour  of  various  other  temperatures  and  tensions.  (Clement  &  De- 
sormes.)  The  vapour  of  water  containeti  in  the  atmosphere  at  0"  con- 
tains 650'  of  combined  heat.  The  temperature  and  elasticity  of  vapour 
of  water  increase  as  its  volume  diminishes.  In  a  vessel^  whose  sides 
would  permit  neither  ingress  nor  egress  of  heat,  saturatedvapour  of  water 
at  lOO""  might,  bj  enlargement  of  the  space,  be  convert^nl  into  cold  vapour 
of  low  tension,  and,  by  continual  narrowing  of  the  space,  into  very  hot 
vapour  of  high  tension,  without  any  liquefaction  taking  place  in  the 
latter  case  (unless  the  space  were  to  become  too  small  to  allow  of  the 
water  existing  in  the  gaseous  state). 

Estimating  the  latent  heat  of  vapour  of  water  at  100^  C.  as  equal  to 
550^  C.  (990°  F.),  and  the  free  heat  =  100'  C.  (180'  F.),  we  have 
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Vapour  of 

Free  Meat. 

Latent  Heat 

0** 

o« 

CihQ"    \ 

50 

50 

6im 

100 

100 

5a0 

150 

IM» 

500       1 

200 

200 

450 

250 

250 

400     J 

together. 

650' 

ike.  ^c» 

At  050' (1202"  F,),  no  more  of  tlic  heat  coold  ex'ust  in  tlie  Intent 
state.  Tliis  teniiM:^raturii  probably  correspuiuls  to  a  degree  of  extoriia! 
preastire  at  wliidi  the  expansion  of  water  iuttj  vupour  liccomea  hiipo-^^'^ible, 
ami  beyond  wliiili  all  liio  heat  remains  accuiimlated  m  tbe  water  in  the 
free  state.  Aqneons  vapour  below  0^  wonld  contain  so  many  inoro 
degrees  of  latent  heat  as  its  temperature  wa^  under  0°;  e,  Q.  vapour  of 
water  at  —  20"^  C.  would  contain  670^  of  latent  heat. 

%  The  law  just  stated  is  commonly  known  as  WattV  law.  Accord- 
ing to  Southern,  on  the  contrary^  the  heat  olitaincd  b}'  subtracting  from 
the  total  heat  the  sensible  beat  indicated  by  the  tbermomoter,- — or  that 
which  is  ordinarily  called  tbe  latent  heat  of  evaporation, ^remains  con- 
stant. The  late  eialmrate  researches  of  Regnault  have  shown  that  both 
theae  lawa  are  incorrect. — ^Supposing  tbe  relation  hot  ween  the  total  rjuan- 
tity  of  heat  and  the  tenipenitiire  to  be  developed  in  a  sen(js  of  ascending 
powers  of  tbe  temperatures,  that  is  to  say,  of  the  form : 

-^,  i?,  0  .  being  constants,  tbe  law  of  Watt  would  he  expressed  by  "k^-^A^ 
Regnault,  on  the  contrary,  finds  that  the  law  may  be  represeatctl,  within 
the  limits  of  error  of  experiment,  by  A  ^:  ^  +  /i^,— and  he  obtains  for 
A  and  B  tlie  valnc.%  A  =^  GOO  5,  B  =  0*305;  so  that  tbe  formula  for  cal- 
culating the  total  quantity  of  heat  in  steam  at  diflerent  temperatures 
becomea 

Calculated  by  thia  formula,  the  preceding  table  becomes: 


n  Vapour  at 

Vt^t,  Heat. 

Lateut  Heat. 

Bum. 

0° 

0' 

G06-5 

60G5 

SO 

50 

571-7 

i\'l\'l 

lOO 

100 

5370 

637  0 

150 

lie 

502-2 

652-2 

200 

200 

4fi7-5 

6675 

250 

250 

430-25 

682-7 

\y'vd,  IForJt*  of  the  Camndlsk  Society,  Vol.  I.  p.  204.]     IT. 
1).     Liquefaction  and  Solidification  of  Gases. 
a,     LiijUffaction  h^  extertial  preMure  and  cooling, 

SincOj  according  to  tbe  preceding,  every  gaa  takes  up  a  greater  space 
than  the  liquid  or  solid  matter  out  of  whicb  it  is  formetlj  it  must,  when 
the  space  whicb  it  occupies  \a  continually  diminished,  ultimately  lose  ita 
gaseous  form,  and  be  thereby  deprived  of  it.s  beat  of  fluidity, — If  tbe  ^iilea 
of  tbe  vessel  could  be  heated  from  wilhuut  at  exactly  tbe  same  rate  as 
the  ^jaa  becomes  hotter  hy  cuni]>ression;  or^  what  comes  to  the  same  thing, 
if  the  compre.ssion  could   be   produced  in  a  vessel  itnpervifms  to  beat, 

till  a  very  considerable  external  proii- 
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sure  was  exerteJ,  sufficient  to  flimmieh  tie  space  witlnn  Jimits  no  longer 
compatible  witb  tlie  existence  of  ilie  gaaeoas  form*  Uader  ordinary  cir- 
curaatances,  however,  the  sides  of  the  vessel  retain  their  former  tempera-  h 
tare,  and  conse<jiientIy  deprive  the  ga^s  whose  tempenitiire  has  been  ■ 
raised  by  eoinpression,  of  it«  excess  of  heat:  hence  the  liquefaction  is 
effected  by  *  nimcli  smaller  pressure.  The  gaseous  particles,  cooled  down 
by  the  siies  of  the  vessel,  aud  thii«  rendered  leas  elastic,  are  pressed 
together  b^  the  rest;  and,  according  to  the  contraction  of  the  space,  there 
remains  either  no  gas  uncondensed,  or  a  quantity  whose  density  and 
elasticity  are  in  accordance  with  the  existing  temperature. 

Bodies,  when  not  prevented  by  external  pressure,  or  perhaps  in  some 
cases  by  cohesion,  appear  to  be  capable  of  combining  with  heat,  and 
forming  gas,  even  at  the  lowest  Icnown  temperatures:  hence  it  is  pro- 
bably impossible  to  produce  liquefaction  by  cooling  alone.  Accordingly, 
most  liquefactions  of  gases  are  effected  by  the  joint  action  of  cooling  and 
pressure, — The  smaller  the  affinity  of  the  ponderable  substance  for  heat, 
or,  in  other  words,  the  less  the  elasticity  of  its  vapour  at  the  same  tem- 
perature, the  smaller  is  the  amount  of  extemal  pressure  and  c<>oliug 
roqaired  for  destroying  its  gaseous  condition.  Thus  vapour  of  water  at 
100"^  C-,  at  which  temperature  it^  elasticity  =  0'76  met,  of  mercury,  is 
liquefied  by  a  pressure  somewhat  greater  than  076  metre;  and  at  0"^,  at 
which  its  tension  =  0*00476  M,  by  a  pressure  somewbat  greater  than 
that. 

Almost  all  the  more  pcmiaiicnt  gases  may  l>e  liquefied  by  pressure 
and  cooling.  Monge  &  Clouet  lirjueficd  guifiburoiirt  aeiil  gas  by  cooling; 
Guyton  Morveau  fiquetied  ammonia;  and  Stromeyer  ar^eniuretted  hy- 
drogen gas  by  simibir  mean.s;  but  these  experiments  were  disregarded!, 
and  their  results  partly  attributed  to  the  prcj^cnce  of  small  quantities  of 
water,  till  Faraday  (FA i7.  Traiuact.  18*23,  IfiOand  18});  tiho  K<tMn.  A  rchiv, 
I,  97) f  partly  in  conjunction  with  Sir  Humphry  Davy,  made  known  the 
mode  of  liquefying  a  considerable  number  of  ga^es, 

Faraday's  usual  mode  of  proceeding  is  as  follows.  He  introduces  the 
li<juid  required  for  generating  the  gas  into  the  shorter  and  closed  arm  ot 
a  strong  glaea  tube  bent  at  an  angle,  places  over  it  some  folded  platinum 
foil,  fills  the  longer  arm  with  the  solid  substance  from  which  the  gas  is  to 
be  developed,  seals  the  extremity,  raises  the  shorter  arm  so  that  the 
liquid  may  run  down  amongst  the  solid  matter  and  act  upon  it,  and 
then,  after  leaving  the  tube  to  itself  for  a  day  or  two,  dips  the  .^ln»rter 
ann  into  a  freezing  mixture,  and  the  longer  arm  into  warm  water:  tho 
liquefied  gas  then  collects  in  tho  shorter  arm,  F**r  carbonic  acid,  tho 
materialH  are:  oilofvitriul  and  carbonate  of  ammonia;  for  sulphuretted 
hydrogen:  concentrated  hydrochloric  acid  and  protosnlphuret  of  iron;  for 
oxide  of  chlorine:  oil  of  vitriol  aud  chlorate  of  potit^h;  for  hydrochloric 
acid:  oil  of  vitriol  and  sal-ammoniac.  In  cuscs  in  wbteb  the  *levelopment 
of  gas  ilocs  not  take  place  without  the  application  of  heat,  Faraday  puts 
the  whole  of  the  ingredients  into  the  longer  arm:-^ — for  sulphurous  acid: 
mercury  and  oil  of  vitriol;  for  cyanogen:  cyanide  of  mercury;  for  am- 
monia: animonio'Cbloride  of  silver;  for  chlorine:  hydrate  of  chlorine. 
Oxygen,  hydrogen,  nitrogen,  nitric  oxide,  jihosphn retted  hydrogen^  and 
finoride  of  silicon,  Fara<lay  did  not  succeed  in  liquefying. — Niemann  (Br. 
Archh\  36,  175)  places  the  ingredients  in  a  glass  tube  sealed  at  one  end, 
bends  the  tube  at  an  acute  angle  about  8  nr  10  inches  from  the  sealed 
end,  and  after  sealing  the  other  end,  coola  the  shorter  ann,  the  length  nf 
which  is  only  2  or  3  inches,  by  means  of  snow  or  cold  water^  while  tho 
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longer  arm  ts  heated  by  tlio  snn,  or  by  water  at  temperatures  between  80^ 
and  38"**  Tbe  tube  must  be  very  etrong,  and  ebould  not  be  etruck  hard  or 
touched  with  saml;  for  aa  long  ae  the  development  of  gas  la  going  on»  the 
danger  of  bursting  ia  conti Dually  on  the  increase.  The  bnrsting  is  at- 
tended with  violent  detonation,  the  tube  being  often  split  into  innu- 
merable fragments  (Niemann).  Hence  it  is  necessary  to  wear  gloves  and 
a  niaf?lc,  with  thick  glafifies  before  the  ejea, 

Buflsy  eflected  the  li<uiefaction  of  chlorine,  cyanogen,  and  ammoniacal 
gas  at  a  prcssrire  but  little  superior  to  th*>  ordinary  pressure  of  the  atmo- 
iphere,  by  transmitting  these  ga-ses  through  a  tube  closed  with  mercury^ 
widened,  and  eoveretl  with  cotton  at  ont^  part, — wljile  ftulphurousacid  wa^ 
dropped  upon  the  cotton,  and  a  stream  of  air  directed  on  it  (p.  274). — 
Thci*e  gases  may  likewise  he  condensed  in  a  freezing  mixture  made  with 
chloride  of  calcium. — A  tube,  in  which  solid  carbonic  acid  huij  been  sealed 
up,  itj  found  to  contain  nothing  but  gas  when  heated,  Avhilo  liquid  car- 
bonic acid  makes  its  appearance  in  the  cold.     (Mitchell.) 

%  Faraday  has  lately  succeeded,  by  the  use  of  more  powerful  meand^ 
in  liquefying  all  the  known  gaaes,  with  the  exception  of  oxygen,  hydro- 
gen, nitrogen,  nitric  oxide,  carbonic  oxide,  and  coal-ga.s, — and  solidifying 
a  great  number  of  them.  (Fkil.  Tram.  1845,  F.  170;  abetr.  PkH.  Maf/.  J. 
26,  253.)  The  method  adopted  was  to  subject  the  ga;3es  to  the  joint 
action  of  powerful  mechanical  pre^i^ure  and  extreme  cold.  The  first 
object  waa  attained  by  t!ie  successive  action  of  two  air-pumps,  the  first 
having  a  pistfin  ono  inch  in  diameter,  the  second  only  half  an  inch.  Tbe 
first  pro<luced  a  pressure  of  about  20  atmospheres,  the  second  increased 
it  to  upwards  of  50.  The  tubes  into  which  the  gaa  thus  condensed  was 
made  to  pius;?  were  of  green  bottle  gla^s,  from  ^  to  |  of  an  inch  in  external 
diameter,  and  had  a  curvature  in  one  porti<m  of  their  length  adapted  for 
immersiou  in  a  freezing  mixture.  The  mixture  employed  consisted  of 
solid  carbonic  acid  and  ether.  The  cold  produced  by  it  amounted  to 
—  106  Fah.  in  the  open  air,  and  —  ItW  Fah.  under  the  exhausted 
receiver  of  the  air-pump. 

Many  gases,  when  subjected  to  this  extreme  degree  of  cold,  were 
liquefied  without  the  use  of  the  condensing  apparatus:  this  waa  the  case 
with  chlnrine,  cyanogen,  ammouia,  ^tilpliurc-ttid  hydrogen,  arsenruretted 
hydrogen,  hydriodic  acid,  hydrobn>mic  acid»  carbonic  acid,  olefiant  gas, 
nitrous  oxide,  and  oxide  of  chlorine.  Fluoride  of  silicon  liquefied  at  a  pres- 
eure  of  iJ  atnmsjjheres.  The  fcdlowing  were  solidified  when  Fubjccted  to 
the  action  of  the  carbonic  acid  bath  in  vacuo:  Hydriodic  acid,  hydrobromic 
acid,  sulphurous  acid,  sulphuretted  hydrogen,  carbonic  acid,  oxide  c»f 
chlorine,  cyanngen,  ammonia,  and  nitrous  oxide.  Fara«hiy  suggests  the 
employment  of  solid  nitrons  oxide  mixed  with  ether  a.s  a  means  of  pro- 
ducing a  lower  temperature  than  any  yet  observed.  The  following  gases 
did  not  solidify,  even  at  the  lowest  temperature  timt  could  be  obtained: 
defiant  gas,  fluoride  of  silicon,  fluoride  of  boron»  phospburetted  hydrogen, 
hydrochhiric  acid,  and  arseninretted  hydrogen. — The  six  gases  mentioned 
at  the  comraencemffnt  of  the  preceding  panigraph  showed  no  signs  of 
liquefaction  when  cooled  by  tlie  carbonic  acid  batli  in  vacuo:  hydrogen 
and  oxygen  at  27  atmospheres,  nitrogen  and  nitric  oxide  at  50,  carbonic 
oxide  at  40,  and  coal-gas  at  32  atmospheres.     IT. 

Every  liquid  may  be  regarded  as  a  condenftod  gas,  prevented  by  prea- 
fiure  from  expanding  itself  in  the  gaseous  form^  but  still  retaining  a  per- 
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tii»ii  of  its  latent  heat,  wl»ieh  probably  bears  a  simple  relation  to  tlie  whole 
quantity  of  latent  heat  existing  In  the  gas.  In  an  empty  Fpace  of  infinite 
extents  all  solid  Ijodios  wtiuld,  at  all  temperatures,  be  converted  into  gsis, 
without  preriontsly  ineltin;?:  but  when  the  cinpty  i^pace  is  q(  Hniitetl 
extent,  it  become^)  iilled  witli  the  gas  that  i8  foiined;  aud  thli*  gas  exertd 
a  pressure  on  the  remaining  portion  of  the  solid  body,  and  renders  it 
capable  of  fusion. 

Tbo  decomposition  nf  a  gas  by  cooling  or  pressure  is  always  attended 
with  the  formation  of  a  CiotnL  Thh  cloud  is  a  mixture  of  the  nncon- 
den.sed  gas  with  the  very  finely  dividetl  li<jaid  or  solid  particles  which 
KL'parate  from  the  gas,  and  produce  cloudiness  by  irreguliir  refraction  of 
Jight  fir  by  their  opacity.  When  these  pailicles  arc  solid,  the  cloud  is 
Bometituo*^  designated  by  the  tenu  Fum*^. 

Danieirs  Sulphitrk  Ethtr  JIt/f/ru7ni'tet*  {Qu,  J.  of  Sc.  1820;  al«o  Gilb. 
65, 160  and  403)  simplified  by  Dobereincr  and  Korner  {Cilb.  70,  13.1  and 
l;iD)  and  improved  by  Adie  (X  luLJ.o/Sc,  1,  (JO;  abstr.  Sc/iu\  5G,  45l>) 
depends  for  its  action  on  the  condensatioa  of  the  at|ueou3  vajwnr  con* 
laineti  in  the  air  by  cooling. 

pSuhHmiitkm  and  DistUlaiioii  deperul  on  the  conversion  of  a  sub.Htnneo 
into  vapour  and  the  condensation  of  the  vapour  in  annllicr  part  of  the 
apparatus  by  cooling.  The  object  of  Imih,  thefie  opcnitions  ii*,  for  the 
most  part,  to  spparaie  an  ea^iily  vaj«orized  lnKly  from  one  wddch  is  less 
volatile.  The  former  m  converted  iuto  vapour,  while  the  latter  reuiaius 
af*i  tlie  rmdne  of  the  sublinrntiun  or  distillation, — the  i^o-called  Otput 
mortuum^  or  in  the  case  of  its  being  h^jtiid,  the  P/tlcffma,  Sec,  of  the 
older  chemists.  The  operation  ig  called  SHbltmfttwn,  wlien  the  vapour 
conducted  into  the  colder  part  of  the  apparatus  condenses  into  a  ^olid  sub- 
fttance,  and  Dis(ilhiiioii.f  when  the  vapiiiir  is  converted  into  a  liquid.  In 
both  (operations  the  body  to  be  vajsorizcd  is  enclosed  in  an  Alenibic,  Flacky 
or  RtiorL  On  the  top  of  the  aknnbjc  or  flask  is  fitted  a  Head;  and  this, 
during  the  di.stillation  is  often  connected  with  a  Cmling  or  Coudomng 
Tube  which  passes  into  the  Receiver:  wdicn  a  retort  is  used,  the  vapour 
pa?scs  through  the  neck  into  tlie  receiver,  which  is  kept  cool,  and  there 
condenses.  A  tube  widened  in  the  middle  m  often  jtlaccd  between  the 
receiver  and  the  neck  of  the  retort. ^ — ^The  vaponrs  may  also  be  conducted 
from  the  retort,  the  Oask^  or  the  head  of  the  alembic  through  a  glass  or 
metal  tube,  and  there  they  may  be  condensed  either  in  the  nmnner  recom- 
mended by  Liebig,  yit.^  by  Weigel's  Condenmnj  Apparatm  (Taj«chenl»* 
ITin,  120),  in  which  the  tube  is  surrounded  with  a  uietal  cylinder 
through  whicli  cobl  water  is  continually  flowing  in  a  direction  cnntniry  to 
that  of  the  vapour— or  else  by  surrounding  the  tube  with  bibulous  paper 
or  linen  kept  nioiBt  by  water  constantly  dropping  on  It. 

Vapour,  condensed  into  a  .^nliil  body  Atnns  a  tSublimatr:  that  which 
condenses  to  a  liquid,  a  Distiliute,  V/htn  the  latter  is  sidjjected  to  a 
second  distillation,  to  free  it  still  furtlier  from  less  volatile  bodies,  the 
operation  is  ealleii  Iiattjftvtfwtt:  by  CithtibadoH  is  meant  the  illstillation  of 
the  distilled  jiroduet  after  it  has  been  poured  back  eilher  on  what  remains 
behind  or  on  fresh  niateriah 

Since  vaporization  proceeds  very  rapidly  in  vacuo  even  at  low  tempc- 
rat  arcs,  so  likewise  does  distillation  go  on  very  quickly  at  low  tempera- 
tures when  the  apparatus  i??  exhausted  of  air,  ]»rovidcd  the  receiver  be 
kept  colder  thnn  the  retort.  If,  on  the  other  hand,  the  a[*pariitus  be  full 
of  air,  the  substance  mu&t  be  heated  to  the  bmliug  point;  otherwise  the 
difitillatiou  will  be  very  blow.     It  will,  however,  be  undcrstootl  from  what 
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was  said  on  pa^e  285,  that  tlie  nuantUy  of  beat  expended  in  tLe  forma- 
tion of  vapour,  is  tlie  mma  wiietlier  the  vaporization  takes  place  in  vacuo 
or  in  a  space  filled  witli  airjand  at  whatever  temperature  tlie  vapour  may 
be  formed, 

Wben  a  volatile  liquid,  like  etlier,  ia  to  bo  kept  boiling  for  a  conti- 
denib!e  time  in  contact  witli  another  f<iib^tance  without  allowing  any  of 
it  to  escape,  a  glass  tube  open  at  both  end«  is  attached  to  the  ilask  and 
kept  cool  with  water  by  means  of  Wei/^cl'^  condensing  apparatus,  or 
merely  ijurroundcd  with  moistened  paper,  so  that  the  vapour  which  rises 
into  tue  tube  may  be  condensed  and  run  back  into  the  tlat>k»  Mobr*s  ap-- 
paratod  {A^tu.  Pharm.  18,  232);  abo  Carriol  and  Berthemot's  appamtus 
(X  Phiirm,  18,  112), 


h*     Liquefaction  or  Solidification  ly  the  AJinHjf  of  PondcraUe  Bodies  for 
the  Ponderable  Base  of  tlie  Gas, 

If  any  ponderable  body,  whether  it  be  in  tlie  solidj  liquid,  or  gaseous 
state,  lias  a  stronger  atBnity  at  the  given  temperature  for  the  ponderalde 
substance  contained  in  a  gas^  thun  heat  lias  for  the  same  substance,  and  if 
this  stronger  iiffinity  is  able  to  exert  itself  (pp.  3(1  ,  r38),  the  txvo  ponder- 
able sukstancei*  combine,  and  the  latent  treat  of  tlie  gas  (or  of  both  ga^e.^ 
ns  the  case  may  bo)  is  rendered  sensible,  provided  the  new  compound  is 
not  itself  gaseous. 

To  this  case  be  1  on ga  the  condensation  of  oxygen  gaa  by  the  combina- 
tion of  oxygen  with  liydrotren,  boron,  phosphorus,  selenium,  and  metals; 
tbat  of  chlorine  by  combination  with  [dio.sphorn'',  selenium,  iodine,  and 
metals;  of  acid  gases  by  ammouiacal  guc^  ami  muny  other  salifiable  ba^s; 
of  all  gases  by  water,  alcuhol,  and  other  liquid.s;  of  aqueous  vapour  by 
acids,  sal iliable  bases,  salts  and  other  bodies;  of  alcohol  aud  ether  vapours 
by  water,  oil  of  vitriol,  fat  oil,  or  camphor,  &c. 

When  aqueous  vapour  at  i(W  is  brought  into  contact  with  pulverized 
salts,  citric  acid,  hydrate  of  potash,  or  sugar,  these  substances  absorb  part 
of  the  water  and  form  a  solution,  the  temperature  of  which  is  several 
degrees  above  100',  and  approaches  ycvy  closely  to  the  temperature  at 
whicfi  the  aqueous  solutions  of  theso  substances  boil  {p.  201*},  Thus  nUo 
alcohol  vapour  of  83 "^"^  raises  thts  temperature  of  chloride  of  calcium  to 
09°.  (Faraday,  A  tin,  Chim.  Pltt/s.  20,  3-20.)  Aqueous  solutions  of  acids 
and  salts  enclosed  together  with  water  in  a  vessel  full  of  nir  at  the  ordi- 
nary temperature,  absorb  so  much  the  more  vapour  of  water,  a/*  their 
boiling  points  are  higher:  solutions  of  ditTerent  substances  whose  boiling 
poiute  are  the  same  often  absorb  equal  quantities  of  aqueous  vapour. 
(Graham,  Edird).  J.  of  ,Sc.  H,  ll2G,) 

lionsdnrj^.^  E vapor aling  Peceiver.  {Pogg,  15,  604,)  A  basin  fille^l 
with  oil  of  vitriol  is  placed  on  a  large  gla>«s  plate,  a  number  of  eup-sbaped 
ghisses  arranged  in  the  basin,  and  ou  the  top  of  these  above  the  oil  of 
vitriol  are  placed  dishes  containing  the  liquid  to  be  evaporated.  A  gla^s 
bell  jar  is  inverted  over  the  whole,  and  kept  chise  to  the  plate  by  means 
of  y^rease.  Tlie  evaporation  goes  on  gradually  at  the  ordinary  pressure 
and  temperature. 

The  hygrometer  of  De  la  Rive  {BM,  lutiv,  28,  2S5)  is  founded  on 
the  different  degrees  of  temperature  indicated  by  a  therinometer  exposed 
to  the  air  after  immersion  in  oil  of  vitriol — the  rise  of  tempeniture  being 
produced  by  Ihe  condensation  of  the  aqueous  vapour  in  the  air,  ami  vary- 
ing with  tlie  degree  of  liuuiidity.     It  has  however  been  shown  by  Gay- 
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{M         Vhim  Ph^i.  30,  89)  that  the  dcnfiitj  of  the  air  Ukewifie 
3efl  W10  rise  c^f  temperature. 

uJfe's  Apparatui.     To  cause  gaaea  to  combine  with  Hquids,  they 

wiit^iieted  by   means  of  tubes  twice  bent  at  right  aoglcs,  from  the 

ftort  ID  wliicb  they  are  geoerated,  through  a  number  of  bottles, 

%Uie^,  which  are  furniEhed  with  two  or  three  opeaings.      The 

iiitaiuetl  in  theso  bottles  abeorbs  the  gaa  as  it  enters  in  single 

To  prevent  the  Htjuid  from  paasing  baek,  the  tliird  opening  is 

vfuher  with  a  strat)fht  tube  open  at  both  ends  and  dipping  into  tbe 

.a,  or  else  with  a  Welter  m  Safett^-tul^j  t,  e.,  a  tube  twice  oent,  and 

Mg  in  the  middle  a  bulb  containing  water. 


D€tjrees  of  htmndeMcenct^  according  to  P&uUUt* 

525'' I  incipient  rcdnesa;— TOO":  dnll  rod;    800°  commencing  cherry- 
ano°  brigiiter  cherry-red;  1000' full  cherry*red;  1100'  dark  yelh>wish 

:00' bright  ignition;  1300"  white  heat;  1400^  strong  white  heat; 
♦ .  1000'  tlaSEzling  white. 


Mtitin^  PoinU, 


nic  acid  . 


p»  w  itnot    « « h  d 

JlinnC       mm    w  ■    ■   «    «  ■ 

nydrocjanic  add . 
Water  , 


Cdi. 

Fab. 

-    63° 

-  85° 

-  44 

"   47-2 

"   40  & 

^  40  9     1 

^  25 

^   13 

^  20 

-      4 

--   15 

+      5 

0 

+    32 

Pbosphontf 
Potassltmi  ,, 

Wajt 

Soclium  * .  . , 
Iodine  . .  , . 
SulpKur  . .  . , 
Camphor    . , 


Cela. 

+ 

45'^ 

+ 

58 

+ 

IS? 

-f 

90 

f 

107 

+ 

109 

+ 

175 

Fah. 

113'=' 

136-4 

I52'e 

104 

224  6 

228-2 

347 


Guyton-Morveau  Wedgwood  &. 

(Atm.  Chim.  90,  Dalton             Daniell.       Schwartz.  Rodberg. 

236).  {N.SyitlM)- 

Cels.     Wedg.*  CeU.    Wedg.    Cels.    Dan.f     Cels.          Cels. 

Bigmuth 247         —  247       —        239       66          260            264 

Tin    267         —  246       —         227       63           220            228 

Lead 312         —  322       —         321        87           340            325 

Zinc 374            3  371        —         342        94           500 

Antimony     513            7  432       —                                   620 

Brags    _           —  _         _       1021     267 

Pouillet.     Prinsep. 

SUver    1034          22  —         28       1223     319         1000            999 

Copper 1207          27  —         27       1398     364 

Gold 1381         32  —         32       1421      370         1200 

Cobalt —           —  —        130 

White  Cast  Iron..     —           —  ———.«.        nOO 

Grey          „        ..   4783        130  —         —      1915     497         1210 

Steel —           —  —         -_                                  1350 

Manganese 5825        160  —       160 

Bar  iron  6346        175  1550 

Nickel,  Platinum,] 

Iridium,    Rho->  above       175 

dinm,  Quartz. .  j 


*  Degrees  of  Wedgwood's  pyrometer,  p.  237. 
t  Degrees  of  Darnell's  pyrometer,  p.  236. 
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Boiling  PfAnU. 


Sulphurous  nciil. — 

Hydrochloric  etber + 

Nitric  ether. 

Hydrocyanic  acid   ..,,., 

Sill |th uric  ether  , . , 

vSiiJphuret  of  carbon  ...» 

Bromine ..,..,, 

Alcohol 

Rock-oil , . , 


10* 

12 

21 

26-5 

35"6G 

46-6 

4; 

78-41 

65-3 

Watt^r +    100 

Oil  of  torpeuttne  . , , .  i .  4 «  157 

Iodine .«..4«*.*  ISO 

Camphor •....,  2B4 

Oil  of  vitriol 288 

Phosphorus  . . , , , . .  250 

Sulphur 293 

Mercury    ,..,..,..♦.,,♦  356 

Seleiuum  (nearly)    ......  700 


II.  Disengagement  and  Absorption  of  Heat. 
1.     Bjf  Chemiml  changes  in  Ponderable  Suhsiances. 

A<  B^  alteration  oftJi^  itate  of  Aggregation. 

It  lias  nlrciKly  been  i^liowii  that  the  p.aa*<age  of  a  solid  hody  to  tho 
lifjuifl  etate,  and  that  of  a  liquid  or  soliil  to  the  gaseous  state,  i^  alwaya 
iicfoynptinied  by  absorittioo  of  heat;  and  that  when  thet*e  substances  are 
brought  back  to  their  former  eonditioii,  the  licut  is  again  set  free. 

B.  By    ih^   combination  of  Pond^rahh  Bodies  one  with  tlie  otiicr,   and 
deeompoiiiion  o/t/ie  j-esulting  Compounds, 

The  comhlnation  of  ponderable  sabstancef*,  with  or  without  the  de- 
.^trn*?tioti  of  existing  compounds,  is  always  accompanied  by  disengage- 
ment or  absorptioii  of  heat, 

Tho  most  striking  itisftanees  of  the  Development  of  Heat  are  those 
M'liieh  accompany  tlie  production  of  light,  as  noticed  on  piigo  181, 
those  namely  which  take  phiue  in  tho  combination  of  oxygen  and  chlo- 
rine with  metals  and  other  combustible  bodies, — of  bromine,  iodine,  sul- 
phur, and  phosphorus*  with  several  metals;  likewise  in  the  combination  of 
strong  acids  witli  strong  sal  ill  able  bases,  and  in  that  of  strong  acids  and 
Htrong  Imses  with  water, — in  all  cases,  t!iat  \a  to  say,  in  which  combina- 
tion is  brought  about  by  strong  artinity,  and  in  which  the  combining 
bodies  arc  decidedly  opposite  in  chemical  nature. 

To  determine  the  quantity  of  lieat  set  free  in  combustion,  the  proceii 
is  made  to  go  on  in  a  space  surrounded  with  water  or  ice,,  and  the  quan- 
tity of  ice  melted,  or  the  rise  of  temperature  in  a  given  quantity  of  water^ 
obserred. 

In  the  fcdlowing  table.  Column  A  contains  tlio  name  of  the  combus- 
tible substance; — B  its  symbol  or  formula; — C  tho  formula  of  the  com- 
pound produced  during  the  combustion; — D  shows  how  many  parts  of 
water  are  heated  l""  by  the  combustion  of  1  part  of  tho  combustible  body, 
or  the  n umber  of  degrees  by  which  the  temperature  of  1  part  of  water 
would  ho  raised; — E  the  name  of  t!io  observer; — F  shows  bow  many  parta 
of  water  are  heated  1%  when  1  part  of  oxygen  combines  with  the  com- 
bustible substauce. — If  we  would  find  how  many  units  of  beat  are  deve- 
lopod  by  the  burning  of  1  atom  of  the  coinbustible  body,  we  must  multiply 
the  number  in  column  D  by  tbe  atomic  weight  of  the  substance:  simi- 
larly liy  multiplying  the  numbers  in  column  F  by  8,  wo  obtain  the  quan- 
tity of  heat  w  liich  1  atom  of  oxygen  develops  in  combining  with  the  dif- 
ferent substances. 

Cr  denotes  Crawford; — Da:  Dalton;— Dg:  Dulong;— Dzr  Desprets;^ 

u  t 
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^uvi  LaToisier; — Ef;  Kuraford,     When  twD  results  by  the 
ij:fep  are  given,  tb©  first  is  denoted  by  \  the  second  by  ^» 

'6  llkawifie  added  the  mora  recent  detenu  in  atlons  by  Gras^i 
,d  &  Belbermann  (FS),  and  Andrews  (A). 


nMnic  oxide  , ,  > 

Fhosphomi   

Sulphur » i . 

Antimony  **•■■•> 
Zinc   . . . ,  . .  p ,  w  . 

Tin... 

Protoxide  of  tin, , , 
Iron   

Cobilt    ,..,p,.,. 

Nickel    .,, 

Copper  , 

Suboxide  of  copper 

Cymnogc n  •,*,,.. 


CO 


Sb 
Zn 

Sn 

5nO 

Fe 


Co 

Ni 
Cn 

cmo 

C"N 
Cfii 


MO 


co« 


co« 
so* 

SbO* 
ZnO 

Fe*0* 


CoO 
NiO 
CttO 

2CuO 

2CO",  N 
CO'';2HO 


D 

E 

20624 

Di« 

21375 

Lt 

2Sfi40 

D*' 

24000 

Ba 

31743 

Dg 

34792 

m 

36000 

Ct 

34fi66 

Qt 

346fi2 

FS 

S3S08 

A 

SOOO 

Da 

&17& 

Cr 

5325 

Rf 

7012 

CD 

71G7 

Df 

72B7 

Lt 

7815 

Dn' 

7912 

Di» 

nu 

Gr 

7900 

A 

1B75 

Da 

2^34 

Dg 

1854 

Gr 

24  3 1 

A 

4500 

Da 

7500 

Lv 

5747 

A 

1500 

Da 

2571 

Hi 

2601 

Dg 

2307 

A 

gei 

Bg 

1314 

n 

J  301 

A 

1233 

Dg 

1144 

A 

534 

Df 

521 

A 

1702 

Dg 

208a 

Di 

1570 

A 

1080 

Dg 

lOOfi 

fi 

632 

fj 

602 

A 

244 

Dff 

256 

A 

519S 

Dg 

6375 

Da 

I3ia5 

Ds 

11098 

Gr 

1315S 

FS 

1310S 

A 

2578 
2672 
2955 

3000 

4:ii3 

4349 
4500 
4333 
4333 
4226 
1125 
1041 
1907 
2^29 
2GS^ 
2714 
2931 
2967 
2893 
2962 
3031 
4609 
3244 
4254 
3532 
5696 
450:^ 
1500 
2571 
2601 
2307 
5075 
5290 
5366 
4515 
^230 
4473 
4349 
4340 
5325 
4134 
3995 
3723 
2512 
2394 
21B5 
2288 
4^41 
1594 
329fi 
2774 
3289 
3277 
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Olefiant  gu 


Alcohol , 


Ether , 

Wood  spirit  ... 

Fusel-oil    

A  my  lie  ether  . . . 

Acetone 

RockoU 

Oil  of  turpentine 

Oil  of  lemons. .  . , 

Terebene    

Camphor    

Olive  oil 


Rape-oil. .  . 
TaUow    ... 

Wax 

Caoutchouc 
Oak-wood  . 
Elm-wood  . 

Coal    

Turf 


CH 


C*H«0« 


C*H»0 


C«H*0« 

C>«H>sO* 

^•H'«0 

C'H'O 

CH 

C*H* 


C'«H« 
C'«  H«0 


C  0«,  H  O 


4C0',  6HO 


4COS,  5HO 


2CO«,  4HO 

10COM2HO 
10CO»,  UHO 
3CO«,  3HO 
CO»,  HO 
5C  0«,  4H  O 


10CO«,  8HO 
IOC  O'/SH  O 


4575 
1200 


6600 

12030 

8436 

11900 

11942 

4350 

6750 

6909 

6566 

7183 

6850 

4650 

8025 

9431 

9027 

5839 

5304 

8959 

10188 

7320 

7335 

4500 

10496 

10874 

10663 

10959 

5250 

6675 

7800 

9045 

9862 

11100 

9300 

7800 

8370 

7273 

7800 

9472 

9975 

2105 

2970 

3480 

.5625 

.1725 


E 


Da 

?« 
Gr 

PS 

A 

Da 

Rf 

5« 
Gr 

PS 

A 

Da 

Rf 

P« 
PS 

Gr 

FS 


Rf 
Da 
Gr 
FS 


Da 
Cr 
Da 
Rf 

Sf 

Rf 
Da 
Rf 
Cr 
Da 
Rf 
Lt 
Da 
Rf 


1925 
3296 
2461 
3471 
3483 
2084 
3234 
3311 
3146 
3442 
3282 
1792 
2093 
3634 
3480 
3893 
3536 
3285 
3353 
3317 
2139 
1339 
3187 
3301 
3237 
3327 
1847 


The  qaantities  of  heat  furnished  hy  other  kinds  of  wood  are  inter- 
mediate between  those  yielded  by  oak  and  elm.  (Rumford.)  [For  more 
on  this  matter,  vid.  Woody  Fibre,^  One  part  of  oxygen  produces  with 
pliosphoruSy  zinc,  or  tin  5325  units  of  beat,  the  same  quantity  therefore 
«n8  with  iron,  and  1^  times  as  much  as  with  carbon.  The  quantity  of  heat 
evolved  by  charcoal  during  its  combustion  is  the  same  under  whatever 
pressure  the  oxygen  sas  may  exist.  Since  the  volume  of  carbonic  acid 
gas  produced  is  equal  to  that  of  the  oxygen  consumed,  it  follows  that 
oxygen  gas  and  carbonic  acid  gas  must  contain  the  same  absolute  quan- 
tity of  heat.  In  the  combustion  of  metals,  on  the  other  hand,  in  which 
oxygen  suffers  condensation,  the  quantity  of  heat  must  be  greater  as  the 
pressure  to  which  the  gas  is  subjected  is  less.  (Ann,  Chim,  Fhys,  37,  180 
and  182;  also  Pogg,  12,  519  and  520.)     Dulong*8  determination  ojf  the 
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qnantUy  of  heat  tlr^velupcd  in  tho  coml>ii<;tioii  of  Cftrbonic  oxide  U  doubt-  H 
ie3«  too  high  ;  if  it  were  correct^  we  ahonld  be  obliged  to  admit,  what  is  H 
higlily  improbable,  that  carbon  would  develope  much  less  heat  in  com-  ^M 
biniDg  with  the  first  atom  of  oxygen  than  with  the  second.  H 

According  to  the  approximate  results-  of  Davy  (Schw.  20,  143),  on  the    H 
other  hand,  a  given  quantity  of  oxygen,  which,  in  combining  with  carbon    H 
evolves  a  quantity  of  heat  =  1,  gives  out  112  in  combining:  with   sul- 
phnrettod  hydrogen  giiS,  16  with  defiant  ga.fi,  and  4*3  with  hydrogen. 
At  all  events,  the  kw  enunciated  by  Welter  (Ann,  Chim,  Phi/s.  19,  425;    H 
27,  22;^),  viz,  that  any  given  quantity  of  oxygen  crolvcf'  the  same  quan-    ^ 
tity  of  heat,   with   whatever  comlnL^tible  body  it  may  combine — U  at 
present  very  doubtfuL     It  would  rather  appear  from  a  comparison  of  the 
numbers  in  column  F^  that  oxygen  dev elopes  a  greater  quantity  of  heal^ 
the  stronger  its  affinity  for  the  combustible  substance. 

IT  The  following  table  gives  the  quantities  of  heat  evolved  in  the 
combination  of  diflerent  substances  with  chlorine.   (Andrews,  Phil.  Ma/f,     h 
*/*  32,  42(J.)     Tlio  results  are  expressed  as   in  the   preceding  table,  the     H 
numbers  in  column  A  referring  to  tho  combination  of  a  unit  of  weight  of 
the  several  substances  in  the  left  band  column,  and  those  in  column  B  to 
the  combination  of  a  unit  of  weight  of  chlorine. 

A  B 

Potassiuin....  * 2655  2943 

Tin    10;9                  897 

Antimony 707                   860 

Arseuic 901                    704 

Merrury   822 

Pho«phonia 3422  ?                 607 

Zinc 1529  1427 

Copper 961                   859 

Iron 1745                   921 

By  comparing  the    nunibers    in   column  A  Avith    the  corresponding 
numbers  in  column  D  of  the  former  table  (pp.  292,  293),  it  will  be  seen  that 
the  heat  evolved  in  the  combination  of  a  substance  with  chlorine  is  in 
fionio  cases  greater  and  in  others  less  than  in  the  combination   of  the     h 
Bame  substance  with  oxygen.  IT.  ■ 

Development  of  Had  in  the  ComhincUion  of  Compound  Bodies  (accord- 
ing to  He^). — The  boilirs  are  here  compared  according  to  their  atomic 
weights,  When  it  is  said  that  one  atom  of  sulpluiric  acid,  in  combining 
with  excese'"  of  water,  produce's  20202  units  of  heat,  it  is  to  be  understood 
that  40  parts  of  sulphuric  add  (=  1  atom)  develope  in  this  combination  a 
quantity  of  heat  sufficient  to  raise  the  t^?iiipei*ature  of  20202  parts  of  ^ 
Water  by  l",  or  that  of  1  part  of  water  by  20202'.  fl 

if  one  atom   of  anhydrous  sulphuric  acid  combines  first  with  1  At.     " 
water,  then  with  1  more  atom,  and  ko  on,  the  quantities  of  heat  produced 
are  as  follows ; 

Unit*  of  ITicrcfore  with  exc«sa 

Heat,  of  M'ltcr. 

SO'^keiwilh  H  d     12432  =   8  ,  1554  20202  =  13  .  1554 

H  O.  S  O  .,  H  O:       3108    =  2  .  1554  7770  =     5  .  15&4 

2H  O,  S  O  ,,  H  O:        1554    ^   I  .  1554  4G62  =     3  .  1554 

3H  O,  S  0«         „         :\H  O:        1554    =    I  .  1554  3108   =     2  .  1554 

611  O,  SO*         .,      *»HO:        1554=1.1554  1554=     1.1554 

20202  ^13  .  1554 

•  I.  *.,  with  inch  a  quantity  of  water  tliJit  wiy  further  •ddition  would  produce  ao 
more  deveioptment  of  heat. 
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If  these  1554  nnita  of  lieat  be  called  an  equivalent  of  heat,  it  will  be 
eeen  from  this  that  eulpharic  acid,  in  combining  with  water,  eyolves  13 
SQch  eqaivalents,  8  in  uniting  with  the  first  atom  of  water,  2  with  the 
second,  &c. 

1  atom  of  hydrochloric  acid  (=  36*4  parts)  in  the  form  of  aqueous 
hydrochloric  acid  of  1*125  sp.  gr.  (in  which  it  is  already  combined  with 
12  atoms  of  water)  evolves  3233  units  of  heat  when  mixed  with  more 
water. 

One  atom  of  nitric  acid  (54  parts)  developes  the  following  quantities  of 
heat,  according  to  the  quantity  of  water  which  it  previously  holds  in 
combination. 


Units  of 

Therefore  with 

excess 

Heat. 

of  Water 

t 

HO, 

NO*  with  HO: 

1554   =  1  . 

1554 

7770  =    5  . 

1554 

2HO, 

NO*     .,     HO: 

1554  =  1  , 

1554 

6216  =    4  . 

1554 

3HO, 

NO*     „  2HO: 

1554   =  1 

1554 

4662  =    3  . 

1554 

5HO, 

NO*     „     HO: 

777   =  i 

1554 

3108  =    2  . 

1554 

6HO, 

N  0»     „  2H  O: 

777  =  i 

1554 

2331   =  li  . 

1554 

8HO, 

NO»     „4pHO: 

1554   =  1  , 

1554 

1554   =    1  . 

1554 

7770  =  5 

.  1554 

H  0,  N  0*  developes  therefore,  on  the  whole,  as  much  heat  in  combining 
with  water  as  HO,  SO'  does,  and  the  heat>equivalent  is  the  same  for 
both ;  differences  are  however  met  with  in  individual  instances. 

One  atom  of  well  fused  hydrate  of  potash  (47*2  potash  -f-  9  water) 
gives  with  excess  of  water  12920  units  of  heat. — 1  atom  of  well  burnt 
lime  (28*5  parts)  yields  6520. 

With  excess  of  dilute  ammonia,  potash,  or  soda,  or  with  lime  slaked 
with  excess  of  water,  1  atom  of  sulphuric  acid  gives  the  following  units 
of  heat  according  to  the  quantity  of  water  previously  combined  with  it : 


Ammonia. 

Potash. 

Soda. 

Lime. 

HO, 

SO' 

23840 

23886 

24348 

25640 

2HO, 

SO» 

20756 

21080 

22584 

3H  O. 

SO* 

19220 

19320 

6HO, 

SO* 

17846 

17720 

17896 

19568 

The  greater  therefore  the  quantity  of  heat  which  the  sulphuric  acid 
has  already  evolved  in  combining  with  water,  the  less  does  it  give  out 
when  saturated  with  ammonia.  If  to  the  23840  units  of  heat  which 
H  O,  S  0'  gives  with  ammonia,  there  be  added  the  12432  which  SO' 
gives  with  water,  the  result  is  36272  for  the  sum  of  the  units  of  heat 
which  would  be  developed  in  the  combination  of  1  atom  of  anhydrous 
sulphuric  acid  with  aqueous  solution  of  ammonia.  If  from  the  heat  which 
H  0,  S  0^  developes  in  combining  with  aqueous  ammonia  there  be  deducted 
that  which  it  would  develope  in  combining  with  water  alone,  the  re- 
mainder (23840  —  7770)  will  be  the  heat  which  is  set  free  on  the  further 
addition  of  ammonia,  viz.  16070.  Similarly  for  the  other  alkalis^  Ac- 
cording to  tliis,  1  atom  of  sulphuric  acid  evolves  the  same  quantity  of 
heat,  whether  it  combines  with  ammonia,  potash,  or  soda:  the  more 
powerful  development  of  heat  in  the  case  of  lime  is  perhaps  due  to  the 
combination  of  water  with  the  sulphate  of  lime  produced.  One  atom  of 
dry  sulphate  of  lime  immersed  in  water  developes  1680  units  of  heat;  this 
deducted  from  25640  leaves  23960,  as  much  therefore  as  for  the  other 
alkalis. 

One  atom  of  aqueous  hydrochloric  acid  of  1-125  sp.  gr.  (containing 
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12  At,  water,  12  H  0,  H  Cl,  —  14 4 -4  |mrts)  developes  willi  ililutc  am* 
iiioiria  14764,  with  dihite  potnsli  14476,  with  dilck"  sotla  14720,  with 
burnt  lime  and  water  24110,  and  with  limo  ]>reviouslj  slaked  with  water 
(sincp,  accordiDg  to  the  aliove,  ii52\}  units  of  iieat  arc  therehy  eroK^ed) 
17588  units  of  heat  147G4  (be^t  with  aminonia,  and  water)  —  3233 
(heat  with  water  aloue)  —  11531  (heat  developed  by  the  further  addition 
of  ammonia). 

One  atom  of  nitric  acid  containing  8  atoms  of  water  (8H  0,  N  O* 
=  126  parts)  yiehk  with  dilute  ammonia  I6J72»  with  dilute  potash 
103?!^,  with  dihite  soda  104O2,  and  with  ahikcd  lime  18048  units  of  heat 
ltfl72  (heat  with  ammonia  and  waiter)  =-  LjM  (heat  with  water  alone) 
=^  1461  S  (heat  on  the  further  addition  of  ammonia). 

Whilst  ammonia^  potash,  and  8uda,  yield  ct[ual  quantities  of  heat  by 
combining  witb  sulphuric  acid,  and  similarly  with  hydrocbloric  and 
nitric  aeid^  limo  gives  a  larger  quantity »— a  fact  which  Heas  explains  by 
supposing  that  tho  Irme-salts,  even  in  .solution,  contain  water  of  crystal- 
lization. If  this  however  be  admitted,  the  same  should  take  phice  with 
sulphate  of  soda.  The  difference  probably  consists  in  thiSy  tbat  tlie  firttt 
three  alkalis  are  capable  of  combining  with  excesa  of  water,  in  which  com- 
bination they  have  already  evolved  heat,  whereas  slaked  lime  huH  taken 
nji  only  one  atun  of  water. 

One  atom  of  chloride  of  calcium  (55- 9  parts)  gives  with  exces.^  of 
water  f)456  unita  of  heat;  since  however  1  atom  of  crystallized  hy'lrated 
clilorldc  of  calcium  (Ca  CI,  6H0  =  109  9  parts)  when  dissolved  in  water, 
causes  1346  units  of  heat  to  disappear,  the  actual  development  of  heat 
amounts  to  0436  +  J 346  =  10802.— Thus  far  Hess, 

U  Andrews  (PML  Trans.  1844,  L,  21 ;  abstr.  Phil.  Mag.  J.  24,  457) 
has  shown  that  when  one  base  displaces  another  from  any  of  its  neutral 
combinations,  the  heat  evolved  or  abs^tracted  is  always  the  same,  what- 
ever the  acid  may  be,  provided  the  bases  are  the  same. — The  base  cm- 
ployed  for  displacing  the  others  was  the  liydrate  of  potash  in  a  Estate  of 
dilute  solution  of  known  atren^^th.  The  changes  of  temperature,  referred 
to  1000  part^  of  water,  were  found  to  be,  with  salts  of: 


Lime  . , , 

Baryta    

Stroiilja.,  .,♦... 

Soda , 

Atumonin , 

Manganese  ....  * 
Protoxide  of  iron  , 


0-36* 
0-0 

0  08 
0-74 
107 
1*60 


Oxide  of  sine    , + 

Protoxi^-k  of  murcary    •  •     -f 
- — ~ -lead,.,,,,     -»- 


— copjier.»..    + 

Oiide  of  silver *     -^ 

Peroxide  of  iron    ♦.,,,.     4- 


1/86 
2'H2 
3I>0 

3H:i 
4-a9 


The  differences  in  the  results  of  experiments  with  different  acids  wef 
not  trrcater  than  usually  occur  in  chemical  reaction h,  on  Jiccoutit  of  tho 
urn  crtainty  that  exists  with  regard  to  the  valuer  of  cheniical  equivalents. 

Andrews  has  likewise  shown  that  if  3  metals  A,  B,  C,  are  ^o  related 
that  A  is  capable  of  displacing  B  and  C  from  their  combinations,  and 
silso  B  cnpiiblo  of  displacing  C, — ^then,  the  hrat  evolved  in  the  subatitU' 
tion  of  A  fur  C  \^  equal  to  that  dcvehtped  in  the  substitution  of  A  for  B. 
t^igether  witli  that  whicdi  would  he  evolved  in  the  substitution  of  B  for 
C:  and  the  law  may  l>e  extended  to  any  number  of  metals  similarly 
rehitrd» 

[For  Grahanrs  researches  on  the  development  of  bent  in  the  cnm- 
bination  of  acids  and  kwea,  &c,,  vid,  Fhil*  Maa,  J,  St-',  t35l,  and  24, 
401,]  fj. 
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Tie  lieat  develujted  in  tliese  roinlnHfitions,  some  of  wliidi  must  La 
rcganled  ns  combustions,  mvty  pmceed  frotu  four  tibtinct  sources, 

(a  )  Frnin  the  specific  beat  of  the  compound  bciti^  less  tbati  tlio  mean 
of  the  f^pecific  htmU  of  the  conrhiuiu*^  substiiuce^  (Crawford),  lu  most 
c^eSf  however,  the  atoms  of  simple  sabstancea  retain  their  original 
epcL'ific  beat  when  they  enter  hito  combination  (pp,  248  251),  In  other 
cases,  on  the  contrary,  combination  is  attended  with  an  actual  increase  of 
specilic  beat,  so  that  the  re?:;ult  would  be  a  prodnction  of  cold,  if  heat 
were  not  developed  from  some  other  cause. 

Thus,  lib.  of  hydrogen  gas  of  3  203  specific  heat  combiner,  under  t!ie 
most  violent  evolution  of  bcatj  with  8lb,  of  oxygen  of  specific  heat  0'23(T, 
producing  91k  of  water  of  specific  heat  1000, — whereaa  calculation  gives 

f  ^  \  =  Q'!i7Q  as  the  mean  of  the  two  specific  beats,     If 

then  water  bad  a  specific  beat  =  Or>7'?,  the  qunntity  of  ^sensible  heat  in 
b^^drogen  and  oxygen  gases  together  would  bo  exactly  sufficient  to  bring 
the  water  formed  to  the  Rime  tempemture  as  that  of  the  gases  themselves: 
but  since  the  actual  sptseitic  heat  of  water  is  100(1,  the  tpiantity  of  sen- 
aibk  beat  in  the  ga-^es  is  not  yufiicient  for  tbi*?  purpose;  and  if  beat  were 
not  deve biped  from  some  other  cause  during  the  combination  of  oxytjen 
and  hydrogen,  the  water  produced  would  be  much  colder  than  the  two 
gases  before  combinution, 

6.  The  beat  developed  may  arise  from  separated  beat  of  fluidity,  if, 
during  the  combinattoUj  gaseous  or  liquid  substances  pass  to  the  liquid 
or  solid  state.  This  however  will  not  accouut  satisfactorily  for  the  moro 
iutenae  evolutions  of  heat  in  combu.'?tions  and  otlier  combinations:  for  tbo 
latent  heat  of  gasca  and  li(|uiils  is  small  in  compari.^on  with  such  deve- 
lopments of  beat*  Moreover,  in  many  instances  the  combination  is  not 
attended  ivitb  condensation ;  e,  g.  in  the  combustion  of  charcoal  and 
sulphur  in  oxygen  gas,  and  of  hydro'^eni  in  cblorino  gas;  or  agiiin, 
gtiiycous  products  are  formed  from  Holld  bcsdios,  great  heat  being  at  the 
bame  time  evolved,  as  in  the  explosion  of  nitre  with  charcoal,  is^c. 

c  The  beat  evolved  m^y  be  a  kind  of  beat  ditlcrent  from  heat  of 
fiuidityt  producing  no  particular  state  of  aggregation,  but  existing  in  a 
state  of  more  intiumte  chemical  combination  with  the  ponderable  matter, 
and  fict  free  when  one  ponderable  substance  combines  with  another, 

J,  The  heat  is  formed  at  the  moment  of  combination  by  the  union  of  tbo 
positive  electricity  of  the  one  body  with  tlie  negative  electricity  of  the  other. 

Either  tbo  cause  adduced  under  c,  or  that  in  </,  or  both  together,  must 
be  admitled,  in  order  to  explain  the  development  of  beat  which  aiccom- 
panics  tbo  combinatiou  of  poudenible  bodies.  (See  the  observations  on 
the  Theory  of  CombuMitjn  under  the  bead  of  Oxififcu.) 

Cold  is  produceil  (\)  Principally  iu  some  of  those  chemical  combina- 
tions in  which  s«did  Iwdies  pass  to  ttie  liquid  ^tate, — combinations  which 
are  brought  abeurt  by  feeble  atlinitics,  tbo  quantity  of  heat  developed 
being  probably  far  from  sufficient  to  render  the  dissolving  boily  liquid,  bo 
thiit  jaore  beat  must  be  absorbed  and  rendered  latent  to  -supply  heat  of 
fltddity:  e.  //.  in  the  solution  of  various  salts  iu  water  niid  dilute. acids, 
aird  more  especially  on  mixing  these  salts,  as  well  i\s  certain  acidi^,  urya- 
taltiECil  potash,  or  aleobob  witli  ice  or  snow, — though  the  same  substancea, 
when  mixed  with  water,  evolve  lieat.     {Firtzii};^  Mixtures,) 

Such  of  these  substancea  ?is  contain  water  of  cryst^illizatiou  must  not 
be  duprived  of  Jt^  other vviae^  when  mixed  with  water,  they  will  produce 
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heat  in^teail  of  colil. — Tbe  more  finely  tbe  substances  ar©  pulverjxe<l,  the 
more  quickly  tbey  are  mixed,  the  larger  their  quantity,  and  the  smaller 
tb©  conducting  power  of  the  containing^  vessels,  the  greater  will  be  the 
degree  of  cold  produced- — To  produce  the  greatest  possible  degree  of  cold, 
the  eu balances  of  winch  the  freezing  mixture  is  to  be  made  are  cooled, 
before  mixing,  in  another  freezing  mixture. — With  respect  to  this  matter^^ 
It  most  be  ob^erred  that  a  solution  of  common  salt  in  water  is  completely  j 
resolved  at  —  20"^  into  ice  and  crystallized  salts;  therefore^  common  sail] 
and  snow  cooled  to  this  point  no  longer  act  on  one  another;  whereas  with^ 
chloride  of  calcium  and  snow  the  corrcepouding  point  is  as  low  as  —  h"0**, 
and  with  sulphuric  acid  and  snow   much   lower;  so  that  this  mixture, 
when  the  ingredients  have  been  properly  cooled,  is  capable  of  producing 
the  mo8t  intense  degree  of  cold,     (Murray.) 

One  part  of  water,  in  dissolving  1  part  of  nitrate  of  ammonia,  pro-j 
duces  a  lowering  of  temperature  from  +  10'  to  —  15*5°;  with  -^  sal-.* 
ammoniac  and  ^V  nitre»  from  4-10^  to  —  12°;  with  1  part  of  nitrate  of 
ammonia  and  1  part  of  carbonate  of  soda,  from  +  10"^  to  —  13*8°;  with 
0*3  sal-ammoniac,  O'l  nitre,  and  0'6  chloride  of  calcium,  from  -^  25**  to 
—  6**;  with  ^  sal-ammoniac,  -fil  nitre,  and  ^  Glauljcrs  salt,  from  4-  10^ 
to  —  15 '5**;  1  part  of  water  likewise  produces  a  considerable  degree  of 
cold  with  j^  sal-ammoniac,  ^  nitre,  and  J  Glauber's  salt;  or  with  ^  sal- 
ammoniac,  ^  nitre,  antl  ^  Glauber's  salt.     (Walker.)  j 

By  dissolving  1  part  of  a  salt  in  4  parts  of  water,  the  following  re- 
ductions of  temperature  are  obtiiined:  saUammoniac  15*10";  nitrate  of 
ammonia  14'1^;  sulphate  of  potash  2  9';  chloride  of  potassium  ll't<l^; 
nitre  10*6"*;  Glauber's  salt  8'1°;  common  salt  21*';  nitrate  of  soda  9-46*; 
chloride  of  barium  4*5=*;  nitrate  of  baryta  2*1'*;  sulphate  of  magnesia 
4'5'';  sulphate  of  zinc  3-1'';  nitrate  of  lead  1'9^;  sulphate  of  copper  2*27'^* 
-~If  1  part  of  a  salt  be  dissolved  in  4  parts  of  a  saturated  solution  of 
another  salt,  the  following  degrees  of  cold  are  produced:  sal-ammoniac  in 
solution  of  common  salt  8-4';  in  solution  of  nitre  12'6'';^ — nitre  in  soln- 
tion  of  sal-ammoniac  9*75';  in  solution  of  common  salt  9'4^;  of  nitrate  of 
soda  7'06^;  of  nitrate  of  baryta  9 '75';  of  nitrate  of  lead  9*5'; — Glauber's 
ealt  in  solution  of  common  salt  4*75''; — common  salt  in  solution  of  suU 
phatt»  of  copper  4*P;  nitrate  of  soda  in  solution  of  saKammoniac  9*1"*; 
of  nitre  9'2';  of  common  salt  7 '81^;  of  chloride  of  barium  2*75';  of  nitrate 
of  lead  8"; — nitrate  of  baryta  in  solution  of  nitre  0*75  ; — sulphate  of  zinc 
in  solution  of  sulphate  of  potash  1*75^; — sulphate  of  copper  in  solutitm  of 
common  salt  4  9". — The  following  salts,  on  the  contrary,  produce  rise  of 
temperature:  common  salt  in  solution  of  sal-ammoniac  4  56";  in  solution 
of  Glauber  s  salt  1'75'';  of  nitre  0*?5^;  of  nitmte  of  ^oda  3  8'; — chloride 
of  barium  in  solution  of  nitrate  of  soda  0"64'.  (Karsten,  Schritttn  d, 
BerLAJcad,  1841.) 

Three  parts  of  cirstallixed  neutral  carbonate  of  soda  dissolved  in  10  parts 
of  water  produce  a  lowering  of  tcmperatnre  amounting  to  8  9%  wbitst  3 
parts  of  the  ^arae  salt  in  tbe  anbydrous  ^tnte  dif^Kolveil  in  10  parts  of 
water  cause  a  rise  of  temperature  of  12*2", — 3  parts  of  crystallixcd  Glau-  i 
ber*s  salt  with  10  part*  of  water  produce  a  fall  of  kVl°\  on  tbe  contrary, 
3  parts  of  dry  Glauber's  salt  with  10  parts  of  water  cau!?e  a  rise  of  2"2".— 3 
parts  of  crystallized  sulphate  of  magnesia  with  10  parti?  of  water  produce 
a  fell  of  3*r^;  and  3  parts  of  crystallized  protoBuljihato  of  iron  with  10 
parts  of  water  also  produce  a  fall  of  temperature  amounting  to  3*1''. 
(Thomf^on,  Records  of  Qm.  Sc.  1836,  July;  aleo  BM,  univ,  5,  182;  also 
J.pt\  Chem,  13,  170.) 
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Otie  part  of  a  mixture  of  50  parts  of  oil  of  vitriol  and  55  water,  luixed 
with  1\  parU  tyi  Glauber's  salt,  cooU  from  -j-  lO"'  to  —  H^. — Ono  part  of 
tliliite  hyiirocliloric  acid  with  1|  Glaul»er*ii  salt,  from  +  10'  to  —  17'8^ 
— 1  part  of  dilute  nitric  acid  gives  ibp  following  reductions  of  tei»[>era- 
tore:  witli  1  sal-am m on iae,  J  tiitro,  ly  Glaabors  8jilt»  from  -f  10"  to 
—  12^; — with  1}  nitrate  of  ammonia  and  2}  phossphato  of  sodia,  from 
-f-  10°  lo  —  0  ;  with  2}  phosphate  of  «oda,  from  +  10'  to  —  11°;— and 
with  IJ  Glauber'e  salt,  frum  -^  10    to  —  Uj\     (Walker.) 

Cooled  mixtures  of  lol  of  vitriol  and  water  ia  dilferent  proportions 
give  with  Glauber's  ealr,  nccordinji,'  to  Biecliof  and  WoUaor  {Schw.  52, 
371),  the  following  reductions  of  temperature* 


Oil  of  vitriol. 

Wnter. 

Glaub.  salt. 

500 

208 

8S5 

22 '50' 

500 

250 

937 

26-25 

500 

900 

990 

26-25 

500 

aaa 

1040 

27*50 

500 

415 

1150 

26*75 

500 

$00 

1000 

26-25 

500 

50O 

1250 

24*37 

500 

6S6 

HOO 

1906 

500 

?5a 

15G0 

18-41 

Six  parti?  of  oil  of  vitriol  produce  heat  with  (I  parta  of  snow,  neither 
heat  nor  cold  with  8  part?,  and  iiitenf^o  cold  witfi  a  larger  fjuautity  of 
snow.     {St'(khif/rn.  1,  2,  87.) 

Cheap  freezing  mixtures  for  producing  ice  in  summer,  with  deecriptioii 
of  the  apparatus;  4  parts  of  a  cooled  mixture  of  50  oil  of  vitriol  and  55 
water,  with  5  parts  of  Glauber's  salt,  or  U  parta  of  hydrochloric  acid  of 
15"  B.  with  14  parts  of  Glauber's  aalt.  (Decourdemauche,  /.  P/tann,  11, 
584;  alijo  3\  Tr.  14,  2,  249.) — 12  parts  of  a  mixture  of  3  oil  of  vitriol 
and  2  water  with  17*5  parts  of  Glaubers  salt.  (Malapert,  J.  Pharm.  21, 
221 ;  also  Ann,  Fluirm,  18,  :34H,) — 3  parts  of  a  mixture  of  7  oil  of  vitriol 
and  5  water  with  4  parta  of  Glauber's  salt,  (Boutigny,  J.  Chun.  M^d,  10, 
4G0.) 

One  part  of  snow  or  pounded  ice  produces  the  following  degrees  of 
cold:  with  \  dilute  sulphuric  a<?id  (4  oil  of  vitriol  and  I  water)  from  0^ 
to  —  32'5^; — with  1  dilute  sulphuric  acid  from  —  7^  to  —  51^.  (I  Iiavo 
also  obtained  a  conatderablo  degree  of  cold  by  mixing  the  crystallized 
compound  uf  49  oil  of  vitriol  and  0  water  with  anow); — with  \  ddute 
nitric  acid,  from  —  23'  to  —  49"*;^ — ^with  1  dilute  nitric  acid,  from  — 17'8^ 
to  43  ; — with  1 J  cry»talliM«i  potash,  from  0°  to  —  28  ; — witli  4  coumion 
suit,  from  17B"  to  —  20*5";^ — ^with  1  connnou  salt,  from  0'  to  —  17 '8  ; — 
with    -j^   common   salt   and  ^  nitrate  of  ammonia,   from    —  27'8^    to 

—  31  '7*^;— with  I  chloride  of  calcium,  from  —  B  U\  42-5^; — with  1^  chlo- 
ride (d*  calcium*  from  0""  U>  —  49^; — -with  li  chloride  of  calcium^  from  0** 
to  —  27*8"^,  and  from  —  7'  to  —  47*^; — with  2  chloride  of  calcium,  from 

—  17 '8'  to  54 ■4'^,  and  with  3  chloride  of  calcium,  from  —  40"  to  —  58**; 
and,  according  to  Tralles  {Gilh.  38,  305),  with  absolute  alcohol,  fromO°  to 

—  30  9',  with  highly  rectified  spirit  from,  0°  to  —  30^. 

Orioli  {NidjiK  Cidlet,  dl  Op.  Scient,  1823,  104;  also  Fer&atac  BuH.  des 
Sc.  Alatk,  J'hi/g,  et  Chim.  1825,  117)  obtained,  on  mixing  solid  amalgam 
of  lead  with  sulid  amalgam  of  bismuth— the  two  aubstancos  at  the  same 
time  becoming  liquid — ^a  reduction  of  temperature  amounting  to  22"^. 
According  to  Dobereiuer  (Sc/itv.  42,  182;  also  £aMn.  Arch,  3,  00),  204 
parts  of  lead-amalgam  (consisting  of  103  lead  and  101  mercury)  mixed 
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Wli^a  anj  Ii«^iii«i  subifrtaiice  penetrsces  lii»?lj  iiTtied  bodies  bj  capO- 
Wt  sttTactioOf  DO  diemical  combuxacoii  taking  pbee  b«ivee«  t&e  twov  a 
nse  of  tempeiutore  takes  place.  am*>iindii^  in  tiie  ca:%  of  m*irs^MMC  solid 
bodiies  to  between  \  and  ^^.  bat  with  or^aziic  bo«iies — proimUT  because 
Ibev  are  more  poroos  and  tfaerefi^re  preisenc  a  larmier  5ar£ftce — to  between 
1^  and  10^.     (Pooiliet.) 

Pooillet*<  expennients  were  made  with  water,  alcohoL  acetic  ether,  and 
oiis;  the  solid  inor^raoic  bu*iies  into  which  he  caused  these  liquids  to 
penetrate  were  the  filings  of  dilferent  metaLs*  the  p«3wder5  of  sulphur, 
l^iassy  porcelain  claj.  various  earths^  and  hearj  metallic  oxides:  and  the 
oix^uiic  snbstances.  ehajroad^  wood-sharingSv  cotton,  paper,  roots,  seeds, 
floor,  hair,  woc>i,  animal  skins,  &c.  The  development  of  heat  6om  this 
has  been  confirmed  bj  Regnaalt.     {Ann,  Ckim.  P^y*.  7t>,  133.) 


B.  Devtlopmfnt  of  ffsat,  pnyduced  by  Jlec/uinical  Alteration  of  Den^if. 

Every  mechanical  compression  or  condensation  of  a  body,  even  if  it 
does  not  produce  a  change  in  the  state  of  ag;zregation.  is  attended  with 
evolation  of  heat;  every  expansion  of  the  Ixxiy,  on  the  contrary,  though 
unattended  with  actnal  change  of  aggregation,  gives  rise  to  absorption  of 
heat.  Tlie  deyelopment  of  heat  by  compression  is  probably  due  chiefly 
to  diminntiou  of  specific  heat  in  consequence  of  increase  of  density;  the 
absorption  of  heat  by  expansion  to  increased  capacity  for  htat, — and  the 
more  00,  since  the  development  of  heat  is  greater  in  proportion  to  the 
degree  of  condensation. 


DECOMPOSITION  OF  WATER  BY   HEAT. 
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Air  wIk'Ii  suddenly  compressed  evolves  a  considerable  degree  ^f  lieat, 
sufficient  to  ignite  German  tintler  (Ftre-si/rmffc).     Accordincj  to  Tlieiiird, 
(Anil,  Chim,  Phjis.  44,  181;  also  i*otjij,  li),  442)  paper,  oiled  pa[>er,  an^l 
woofl  may  also  be  ignited  by  sudden  compression  in  oxygen   gis,    and 
oiled  paper  in  chlorine  gas-  also  fnlniinatiag  silver  may  be  made  to  deto- 
nate in  hydrogen^  nitrogeOj  or  earbonie  acid  gas.  —  The  great  reduction 
of  tempK^raturo  wbich  takes  place  in  air  under  the  receiver  of  tlie  air- 
pump  on  sudden  expansion  may  bo  t^tri kingly  sbown  by  means  of  t!ie 
delicate  tbermoscope  of  Bregaet, — Liquids,  whicb  are  but  sligbtly  com- 
pressible, evoiv^e  but  little  beat  wlien  .'^ubjceted  to  pressure.      Under  a 
pressure  of  4U  atmospberes,  water  exhibits  scarcely  any  ri^e  of  tcnjpera- 
ture,  alcohol  only  l^,  and  ether  4^  or  5*^.  (Colladon  &  Sturm,  Po(jtj.  12, 
ICK) — Metals  become  hot  and  even  red-hot  by  hamuicring,  their  density 
at  the  same  time  increasing.     In  the  stamping  of  coin,  the  development 
of  beat  produced  by  the  first  blow  is  greater  than  tbat  produced  by  tho 
second  or  third:  the  increase  of  density  is  likewise  greatci?t  at  the  first 
blow.     Copper  coins  become  more  hented  than   silver,  and  silver  than 
gold;  the  specific  gravity  also  increases  most  in  the  copper  and  lea*^t  in 
the  gold.    (Berthollet,  Pictet,  Biot.)     In  the  boring  of  cannon  witb  iron 
borers  great  heat  is  evolved,  whetber  the  operation  be  performed  in  ordi- 
nary air,  rarefied  air^  or  water,   (liumford.)     When  an  iron  rod  is  broken 
by  hanging  weights  to  it^  it  lengthens  considerably  before  breaking  and 
becomes  A^ery  hot.  (Barlow,  Ann.  Phil.  10,  3H.)     An  alloy  of  1  part  of 
iron  aud  2  of  antimony  emits  sparks  when  filed.   (Becquereh)     On  a  re- 
volving grindstone  7i  feet  in  diameter  an  iron  nail  becomes  white-hot  in 
\  minute,  brass  red-hot  in  i  minute;  a  glass  tube  becomes  red-hot,  melt5 
and  fiies  off,  (Hcinricb.)     Agate  rubbed  un  the  same  grindstone  givcsi  ofl* 
8 parks  which  travel  with  the  grindstone  for  a  little  distance — the  agate 
also  becomes  brightly  red-hot.     The  glowing  fragments  which  fty  oft*  from 
glajss  rubbed  on  the  grindstone «et  fire  to  gunpowder  (according  to  Wedge- 
wood).    Two  pieces  of  wood  take  fire  when  rubbed  bard  together.     When 
rough  glacis  is  rubbed  on  sinoothj  the  former  becomes  more  strongly  heated 
tlian   the  bitter;  similarly,  rough  cork   on  smooth;  when  wdiite  satin  is 
rubbed  on   black,  the  former  is  most  strongly  heated;  on  rubbing  toge- 
ther smooth  glass  and  cork,  theriise  of  temperature  in  the  two  is  liS  34  :  5; 
with  ground  glass  aud  cork  as  40  i  7;  silver  and  cork  as  50  :  12;  caout- 
chimc  and  cork  as  29  :  11.    (Bccqnerel,  Ann.  Chim*  rhy&.  70,  2 3 J).) 


IIL  Influekcb  of  Heat  on  the  Chemical  Combinations  jjsd  Decom- 
positions OP  PONDERABLK  BoDIES. 

The  influence  of  heat  on  the  chemical  combinations  of  pomlerahlo 
bodies  in  which  it  acts  partly  as  the  principle  of  tiaiility,  jiartly  in  a 
manner  unknown,  \mA  been  considered  (pji.  3tj  and  37).  Of  decomposi- 
tions of  jmnderable  substances  produced  by  licat,  an  account  has  been 
given  pp.  11  J>...  122,  and  132..J0<i, 

*|  The  most  remarkable  instance  of  decomposition  by  beat  is  the 
resolution  of  water  into  its  constituent  gases  by  the  agency  of  incan- 
descent platinum^  lately  discovered  by  Mr.  Grove.  [FhlL  Mag,  J,  Gil, 
58:  31,  IK>.)  A  platinum  wire  is  scaled  into  the  closed  ex;tremity  of  a 
kind  of  tube-retort,  bavins:  its  neck  narrowed  close  above  the  wire.  The 
tube  is  filled  with  pure  water,  and  the  current  of  a  voltaic  battery  nimlo 
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to  paas  tbroiigli  the  wire.     As  eoon  as  the  wire  becomes  incaQ(lee<3eiit,  it 

fontjs  around  itself  an  atmospbero  of  vapour,  wbicli  it  immedialelj  decom- 
poses.     Moreover,  a  natural  valve  being  formed  by  tlie  conflict  of  aBeead^ 
ini^  gaa  and  descendint^  water,  tbe  bubbles  of  mixed  gas  are  cut  off  by  i 
intermittent  actiun ;  and  thus,  as  their   recombination    is  prevented, 
vulume  of  gus  collects  in  tbe  bend  of  tbe  tube  and  is  ultimately  exi>ened 
at  tbe  orifice.     It  detonates  on  tbe  application  of  a  ligbt.     If  again,  a 
button  of  platinum  wire  l»o  fully  ignited  by  tbe  oxybydrogen  blowpipeuj 
and  then  plunged  into  water  heated  nearly  to  it^  boiling  point,  bubbles  or 
mixed  gas  ascend  and  may  be  collecteil  in  an  inverted  tube.     Various 
forms  of  apparatus  have  been  devised  for  the  purpose  of  increasing  tb& j 
action  and  rendering  the  evolution   of  gas  continuous:  they  are   fuJIj 
described  in  the    memoir  above  referred  to.      The  decomposition  may  J 
also  be  efleeted  by  means  of  an  ignited  button  of  the  alloy  of  iridium  anilT 
osiniiim, — ^also  by  ignited  pall a<lium;  but  the  effects  are  not  so   strikirj 
as  with  platinum.     Silica  and  other  oxides  also  seemed,  in  Mr.  Grove'a 
experiments,  to  effect  the  decomposition ;  but  tbe  results  were  not  satts^  ' 
factory. 

The  moile  of  actiun  in  ihU  very  remarkable  phenomenon  is  inTolire<l| 
in  some  obscurity.     VarioUH  explanations  have   been  suggested :   soraQi 
have  attributed  it  to  a  catalytic  action  of  the  platinum.     But  it  is  perbnpal 
most  probable — as  snggested  by  the  discoverer — that  the  cause  of  thtfl 
flecomposition  is  to  be  found  in  the  rarefaction  produced  by  the  heat*  I 
Grottbuas  has  shown  that  mixtures  of  oxygen  and  hydrogen,  or  cldorino* 
and  hydrogen,  when  much  rarefied^  will  not  detonate   by  the  electric 
spark.     We  know  also  that  other  compounds  may  Iw  decomposed    by 
mere  elevation  of  temperature:  e.  7.,  oxide  of  chlorine  at  a  very  moderated 
beat,  ammonia  at  a  higher,  and  certJiin  metallic  oxides,  viz,  the  ox  ideal 
of  mercury,  silver,  gold,  and  the  other  noble  metalsi,  at  a  still  higher] 
temi»eratare ;  and  tlic  decompomtion  of  water  in  the  manner  just  described] 
appears  to  form  the  final  term  of  this  series  of  actions.     There  appears! 
indeed  to  be  an  extensive  series  of  fa-cti?  which  point  to  a  generalized ^ 
antagonism  between  thermic  repulsion  and  chemic^al  affinity,  and  a  com* 
sequent  establishment  of  the  law  of  continuity  between  physicai  and 
chemical  attraction.  (Vitt  PhiL  Mwj.  J,  31,  DO.)  IT. 

Ohiervation  1,  Davy,  who  doubts*  tbe  materiality  of  beat,  explains 
tbe  difference  between  a  hot  and  a  cold  body  by  supposing  the  atoms  of 
tbe  former  to  make  larger  vibrations  than  those  of  the  latter:  hence 
expansion.     The  same  view  is  taken  by  Mobr.  (Ann.  Phmiin.  2i,  141.) 

Observation  2.  Irvine  and  Dalton  make  no  difference  between  free 
and  combined  beat.  When  uncombincd  heat  becomes  accumulated  in  a 
solid  body  to  a  certain  jjoint,  it  causes  that  body  to  assume  the  liquid 
form ;  and  since,  according  to  the  opinion  of  these  philosophers,  this 
change  of  form  is  accorapauied  by  increased  capacity  for  heat,  absorption 
of  heat  mus^t  take  place.  They  therefore  conBider  all  development  and 
absorption  of  heat  in  chemical  or  mechaniciil  change??  of  ponderable  bodies 
as  j>rocee<ling  from  an  alteration  of  c^ipacity  for  boat.  According  toi 
these  h\7>othe^8  they  endeavour  to  find  the  so-called  J^ero,  tlie  absolute  0^ 
of  tk^  scale  of  temperature^  or  the  absolute  quantity  of  heat  contained  iu 
bodies.  Since,  e*  */.,  the  epecific  heat  of  ice  ia,  according  to  Kirwan, 
0'9  of  that  of  water,  and  ice  in  p.osaing  to  tbe  estate  of  water  absorbs  75** 
of  heat,  these  75°  are  equal  to  one-tenth  of  the  absolute  quantity  of  heat 
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contained  in  water ;  hence  the  zero  of  the  temperature  for  water  at  0^ 
must  be  situated  at  —  750°  (1318°  Fah.).  They  likewise  determine 
the  zero  from  the  heat  evolved  on  mixing  two  substances,  and  the  specific 
heat  of  the  resulting  mixture.  But  the  widely  discrepant  results  of  these 
calculations,  according  to  the  nature  of  the  substances  considered, — tbe 
zero  being  situated,  according  to  Dalton's  experiments  between  —  6130 
and  —  2390,  and  according  to  an  experiment  of  Lavoisier  and  Laplace, 
actually  above  red  heat, — are  the  best  arguments  against  the  rejection  of 
the  theory  of  combined  heat.  If  the  statement  of  Delaroche  k  B^rard, 
that  tbe  specific  heat  of  vapour  of  water  is  only  0*8470,  should  be  com- 
pletely established,  the  preceding  view  of  the  subject  would  be  com- 
pletely overthrown,  since,  if  tbere  were  no  such  thing  as  combined  heat, 
the  conversion  of  water  into  vapour  would  tben  be  attended  with  evolu- 
tion of  heat. — Comp.  Thomson  {Si/stem  of  Chemistry,) 

Clement  &  Desormes  place  tbe  absolute  zero  at  —  266*6°  C.  (—  447*9° 
Fah.)  partly  with  reference  to  a  not  very  probable  hypothesis  concerning 
the  heat  contained  in  a  vacuum  (p.  252),  partly  from  the  following  con- 
siderations. Air  at  0°  expands  for  each  degree  G.  of  heat  superadded 
^y  ibV/ozr  ^^  tbVt*  *"*^  contracts  for  each  degree  of  heat  abstracted, 
by  Tinr-ir*  ^^  ^^^^  ^^^  ^^  applicable  at  all  temperatures,  the  limit  of 
diminution  of  volume  must  be  found  at  —  266*6"^;  below  this  point  there 
can  be  no  further  contraction  of  volume  and  therefore  no  furtber  abstrac- 
tion of  heat.  Or : — If  266*6°  of  beat  be  imparted  to  air  at  0°  its  volume 
becomes  doubled ;  according  to  the  above  law,  the  air,  when  its  volume 
is  dombled,  must  contain  twice  the  quantity  of  heat  which  it  contains 
at  0' ;  consequently  at  0""  it  must  contain  2666°  more  heat  than  at  the 
absolute  zero.     [  Vid,  p.  256.] 
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The  term  Eiecfricili/  is  applied,  according  to  the  daalfstic  theory  of 
Dafaj  and  Sjmmer,  to  two  ijnpondcrabk  fluids,  ^'cry  siiiiilnr  in  their 
jirofK-rties,  hat  diairjetrically  opposed  iu  their  mutual  relatione; — or, 
according  to  t!ic  theory  of  FraiikltUj  to  a  shi^^lo  impouderablo  diiidj  the 
rclfitive  excess  or  deficiency  of  which  is  supposed  to  produce  tho  pheno- 
mena of  Fo3Uhf€  and  A^e^atice  Electrkity* ^ 

1,  The  two  Electricities  are  imponderable. 

2.  They  diffuse  themsjielves  uniformly  and  with  the  greatest  rapidity 
through  those  spacer  which  they  arc  able  to  penetrate. 

*  Tbe  dualutic  theory  it  not  only  better  adapted  to  the  cbemicul  view  of  electrical 
phenomena,  but  likewiise  affords  a  much  more  sat  Lb  factory  explanation  of  the  dL^tribulion 
of  electricUy,  For  how  is  it  possible^  on  the  Franklinian  hypothesis^  to  foriu  a  clear 
conct'ption  of  the  manner  in  which  a  body  deficient  in  electricity^  and  placed  in  the 
neighbourhood  of  another  containing  electricity  in  excess^  exhihitB  a  atill  greater  defi- 
ciency on  the  Bide  nearest  to  the  latter,  and  an  excess  ou  the  opposite  tide  (a)?  The 
approximation  of  a  hot  and  a  cold  body  does  not  appear  to  be  accompanied  by  any 
pbenomeoa^  resembling  the  distribution  of  electricity.  The  experiment  of  Moll  (p.  315) 
is  alio  favourahle  to  the  dualistic  theory. 

^  (a).  The  Franklinian  theory  is  perfectly  competent  to  the  explanation  of  this  nod 
every  other  phenomcncD  of  statical  electricity,  Tht:  fundamental  priticiples  of  that  theory 
may  be  stated  as  follows:  I.  The  particles  of  the  electric  fluid  repel  ench  other  and 
attract  those  of  pondfrable  matter.  II.  The  particles  of  ponderable  matter  repel  each 
other,  and  attract  thuse  of  the  electric  fluid.  III.  In  the  ordluary  state  of  a  hody^  the 
t|uanlity  of  electric  fluid  contained  in  it  is  sucht  that  the  attractive  force  exerted  by  the 
pondemhle  matter  of  the  body  on  a  particle  of  electric  fluid  situated  without,  is  exactly 
balanced  by  the  repulsive  force  exerted  Ijy  the  electric  fluid  of  the  body  on  the  same  par- 
ticle, IV-  A  body  contaioing  more  than  this  natural  quantity  of  electdc  fluid  is  &aid 
to  be  ^msitir^elff  electrified^  and  a  body  containing  hss  than  its  natural  quantity  is  said 
to  be  *#e^a/iee/y  electrified. — Now  suppose  a  body  A,  negatively  electrified,  to  be  brought 
into  the  neighbourhood  of  a  body  B,  positively  electrified.  The  excess  of  electric  fluid 
in  B  re])els  the  fluid  still  remaining  hi  A  towards  tlie  end  farthest  frum  B*  tlius  leaving 
the  nearer  end  of  A  more  negative  than  before, — and  at  the  same  time  the  redundant 
ponderable  matter  iu  A  attracts  the  electric  fluid  in  B  towards  itself,  thus  rendering  the 
nearer  end  of  R,  more  positive,  and  the  farther  end  leas  positive  than  before.  A  similar 
explanation  will  apply  to  every  case  of  statical  induction.  Indeed  it  is  only  necessary  to 
Btate  ihe  two  ihewieti  iu  precise  terms,  in  order  to  see  that  any  phenomenoti  of  statical 
electricity  which  is  explicable  by  the  one,  must  of  necessity  be  cxpUcable  by  the  other 
ako,— the  redundant  matter  of  the  one  theory  produdn*,  in  fact,  the  sameefTecls  b«  the 
nq^tive  electric  fiuid  of  the  other.  Tlic  diflercnce  between  Ihe  I  wo  theories  is  that  the 
one  supposes  a  single  and  the  other  a  double  transfer  of  electric  fluid  lo  take  place,  in 
■11  eiflcfl  of  charge  and  diiMi^harge:  bat  this  makes  no  diflerence  in  the  ultimate  distribu- 
tion of  the  positive  and  negative  chargCi  which  is  all  that  we  are  i^nccrued  with  in  phe- 
nomena like  that  just  noticed.  Tbc  autbor^a  remarks  in  the  preceding  note  seem  to  be 
based  upon  the  notion  that  a  body  negatively  e!ectrifi<^  is  supposed,  aci^rding  to  the 
Fraiikliiiian  theory ,  to  be  absolutely  deprived  of  electric  fluid.  Such  however  is  not  the 
(aise,  any  more  than  we  suppose  a  cold  body  to  be  absolutely  deprived  of  heat.  As  to 
tlte  experinaent  of  Moll  alluded  to  in  the  same  place,  I  will  c  nly  obpervc  thnt  the  per- 
fomtion  of  a  card  or  a  piece  of  tinfoil  by  the  tlectric  discharge,  by  no  meanii  obhges  us  to 
suppose  that  the  electric  fluid  or  fluids  are  bodily  carried  through  the  perforations. — Tn 
making  these  reniarkg,  1  would  not  be  understood  to  advocate  the  theory  of  a  tingle 
electric  fluid  in  preference  to  the  othcr^ — or  indeed  the  existence  of  an  electric  fluid  at 
all:  my  object  is  merrly  to  point  out  the  perfect  similarity  of  explanation,  aflbrded  by 
the  two  theories,  of  all  the  phenomena  of  ordinary  dectricity.  [bW  a  full  development 
of  the  theory  of  Franklin  (or  rather  of  jEpinus)  1  muet  refer  to  Rohwm*$  Mtchaniml 
Philosophy,  Brew*ter'9  Edition,  yol.  IV.*  also  to  the  admirable  treatise  of  Dr.  Roget  in 
the  JAttrary  of  Ustfui  Knowtcdffe,  Naturat  Phitoftophy,  vol.  II.  The  latter  work, 
pp.  6().»,.64|  contains  a  concise  and  able  comparifiou  of  Ihe  two  theories.]  % 
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To  tho  QhiHB  of  r/ood  Condudors  r>f  Ehctncittf  belong  tlie  inettilit,  cer- 
tain metallic  sulplmretsi,  both  natural  and  artiMcial,  scale  oxifle  of  iron, 
peroxide  of  nmngune.*o,  peroiide  of  lead »  graphite,  and  fluircoal. 

Electricity  travels  along  a  copper  win?  faster  than  light  uiovc^  in  the 
celefitiaS  spacer,  antl  with  the  same  velocity  from  the  pO!>itive  to  the  nega- 
tive end  as  in  the  contrary  direction.  If  a  copper  wire  of  the  length  of 
^  an  English  mUe  be  cut  throngh  in  the  middle,  and  its  extreme  ends 
bronght  near  to  the  inner  and  outer  coatings  of  Lcydenjarj  the  dpark  will 
appear  at  the  two  coutiugs  at  the  same  instant,  tut  somewhat  bitor  in 
the  niiddla  (Wheatstone,  PL  Tt\  1835,  ii.  583;  nho  Potjy.  34,  464.)  Tho 
c«»nduL-ling  power  of  metals  demini^hes  as  their  temperatnre  rises.  (Do  la 
Kive.)  Solid  mercury  eondncta  electricity  better  than  the  same  metal  in 
tho  litjuid  state.     (De  la  Rive.) 

Conducling  Powit  nf  MetaU. 

Letu. 

r — — — ^  H.  Dflw.  Becqoerel.     Chnalic 

atO^  BtlO*  at20(f 

Silrer    13625  9I'I5  G8'72  W)  rS'6               100 

Copper 100  no  7300  54"82  1 00  100                   69 

GoM 79-79  65-20  54-^9  73  936                U 

Tin    30-8 i  20*44  14-78  —  \b'h                 17 

Bnws 29  33  24  78  2145 

Iron 17-74  1087  7"00  14*5  15*8                15 

Lead.. 14-62  9  61  6-76  6*9  8-3                  0 

Pltttiaum 14-16  10-93  9-02  18  16'4                16 

Ziuc —  _  -^  _  28-5                37 

Mercury    ......              —  —  —  —  3-4 

PotassiuDci -^  _  —  j^.j 

If  the  conducting  power  of  copper  at  1 9°  =  ]  00,  that  of  antimony  ^^ 
6*87,  of  mercury  4f}C,  and  of  bir.inntb  2"5tt.  (Lenz.)—- According  to 
Poiilllet,  the  conducting  powers  of  platinum,  copper,  and  palladium  are  as 
2-5  :  16  :  30. 

If  it  be  assumed  that  metallic  wires  of  eqnal  tbicknesa  will  be  more 
strongly  heated  by  the  passage  of  an  electric  current  in  proportion  as 
their  conducting  power  b  loss,  the  following  conducting  powor.s  may  \m 
deduced  frotn  tno  degrees  of  beat  actually  produced:  Copper,  silver,  and 
alloys  of  1  part  copper  with  |^,  1  or  3  part*j  silver,  100; — ^gold,  CG  6 — zinc, 
brass,  and  alloy  of  1  part  tin  with  8  parts  copper,  33*3; — an  alloy  of  1  part 
gold  and  1  silver,  30; — an  alloy  of  1  part  gold  with  1  silver  or  ^  copper, 
84; — an  alloy  of  1  part  tin  ami  I  zinc,  22  2;— platinum  and  iron,  20; — an 
alloy  of  3  piirti  tin  and  1  zine,  18  *^;— tin,  ICG; — an  alloy  of  3  parts  tin 
and  1  lead,  13"3; — an  alloy  of  1  part  tin  and  1  lead,  111; — an  alloy  of  I 
part  till  iiud  3  leadi  0*5; — lca<l,  8*3.  (Harris,  PluL  Transact  1827;  abstn 
Pofjfh  i2,  27^'*.) 

tgnited  cfipprr  wire  conducts lietter  than  the  same  wire  unignlted:  and 
Boft  steel  hettiT  thjiu  that  ivliich  fiii^  been  hardened.  (Peltier.)— The  con- 
ducting [K>wor  of  a  wire  of  any  given  metal  varies  directly  as  lU  trans- 
vcffjo  section  and  inversely  as  the  square  of  its  length,     (Christie.) 

Among  ores,  coppcr-nict«el  is  I  bo  best  conductor;  then  follow  purple 
copper,  cop[ier  pyrites,  and  copper-glance,  all  three  of  which  conduct 
well;  then, — ^regnbtrly  diminishing  in  powerj^iron  pyrites,  arsenical 
pyriteg,  galena,  nrf^enieal  cobalt,  peroxide  of  manganese,  Teunantite  and 
Fablerz.     (R.  W.  Fox,  A".  Edlnh.  J.  o/\^c,  4,  2000 

Tho  feeble  thermo-electric  current  of  a  single  pair  of  bismuth  and 
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antimony  is  very  well  touducted  by  eiilpburet  of  bismuth,  galena,  acalo 
oiitle  of  iron,  protnsulpliuret  of  iron,  iron  pyrites,  arsenical  j>yrito9»  copper- 
glance,  artificial  rlisulpUnrot  of  coj»|>or,  and  piirpio  copjier; — nioiloiately 
well  by  peroxide  of  ma.i]gnnese  and  peroxide  of  lead; — not  seni?ibly,  wliea 
the  surface  of  eoiitact  is  small,  by  blende^  tinstone^  protoBulplmret  of  tin, 
magrnetic  iron  ore,  Fpeciilar  iron,  wolfmmi  suboxide  of  copper  solidified  after 
fusioa,  red  oxide  of  mereiiry,  and  cinnabiir.  It  is  remarkable  that  Mil  0' 
ami  Pb  G-  *tbould  conduct  electricity  so  well,  seeing  that  i\Iu  0  and  Pb  0 
do  fiot  transmit  the  current  even  of  a  powerful  battery*     (Faniday.) 


Imperfect  Conductor^  or  Semi-conductors* 

a.  Solids.  Clialk  find  otlier  minerals,  earthenware,  f?uIpbnrot  of 
molrbdenum,  and  tin  pyrites. 

Marekanite  conduct'^  electricity  well  under  lG*j  lea^i  freely  at  a  higher 
tempentture,  ami  not  at  all  at  37 '5'^!  moisture  is  not  the  cau^e  of  the  dif- 
ference. Similar  properties  are  exhibited  by  common  obflidiatij  lolite,  and 
many  lavas.     (P,  Ermau,  Pof/ff.  25,  657.) 

Sulphuret  of  silver,  both  natural  and  artificial,  and  likewise  red  sil- 
ver, comluct  the  electricity  of  a  battery  of  20  pairs,  feebly  when  cold, 
but  more  and  more  readily  as  they  become  hotter,  and  at  a  certain  tem- 
perature almost  as  well  as  a  metal:  on  cooling,  their  conducting  power 
again  decreases.  Fluoride  of  lead  solidified  and  cofde<l  after  fnwion,  does 
not  conduct  the  current;  but  when  heated  to  redness  it  conducts  vt^ry 
well,  and  fuses  by  the  heat  which  the  current  excites.     (Faraday.) 

b.  Jjit/Kkis.  Water  when  pare  is  a  very  bad  conductor  of  efectricity, 
but  acquires  considerable  conducting  jiower  by  dissolving  a  variety  of 
substances,  even  such  as  do  not  conduct  of  themselves,  t\  g.^  bromine, 
iodine,  chlorine,  and  salphuroua  acid;  it  likewise  converts  solid  insula- 
tors {such  as  silk)  into  semi-conductors  by  moistening  them.  (Do  la  Rive.) 
The  conducting  power  (and  decomposibility)  of  water  are  most  highly 
augmented  by  phosphone,  sulphuric,  nitric,  antl  oxalic  acid,  pota^ih  and 
aoday  carbonate  and  nitrate  of  potash,  carbnnato  of  soda,  many  otber 
aalte,  metallic  chlorides  and  iodides;  then  follows  carbonate  of  ammcniia; 
then  tartaric  and  citric  acid.  The  following  have  no  iuflnenco  on  the 
conducting  power  of  water:  boracic  and  acetic  acid,  ammonia,  cyanide 
of  mercury,  sugar,  and  gum.     (Faraday.) 

Under  a  pressure  of  30  atmospheres,  the  conducting  power  of  water 
does  not  diminish;  that  of  acjneous  nitric  acid  diminishes  a  little*  (CoU 
ladon  &  Sturm.) 

Oil  of  vitriol  conducts  lesa  easily  than  dilute  sulpliuric  acid;  the  max- 
imnni  of  conducting  power  is  possessed  by  a  mixture  contain rng  30  j>er 
cent,  of  anhydrous  Bulpliuric  acid;  an  acid  containing  20  per  cent.,  and 
likewise  one  of  43  per  cent,  conduct  less  freely;  aud  one  containing  04 
per  cent>  much  less.  (Do  la  Eivc) — The  conducting  power  of  watery 
lifjuids  is  increased  by  bent,  probably  because  their  decomposition  is 
thereby  facilitated,     (be  la  Rive.) 

TliG  following  substances,  wliich  are  non-conductors  in  the  solid  eta  to, 
become  conductors  when  fused:  Iodine  (Inglis),  ice,  hydnite  of  potash, 
oxide  of  antimony,  oxide  of  bismntb,  protoxide  of  lead;  the  iodides  of 
pttassitim^  zinc  and  lead;  protiodide  of  tin»  protiodide  of  mercury;  tlie 
chlorides  of  potassium,  sodium,  barium,  strontium,  mugnesiura,  manga- 
nese, lead,  zinc,  and  silver;  terchloritle  of  antimony,  protocbloride  of  tin, 
di chloride  of  copper;   fluoride  of  pota^*ium,    Unoride   of  lend,  (see  the 
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(he  fused  stale:  phosphorus,  sulphur,  boracic  acid,  greeu  glass,  iodklo  of 
eulphiir,  biniodide  of  tiiij  realgar,  orpiment,  glacial  acetic  acid,  a  mixture 
of  tallow  aud  oleic  a^eid,  camphor,  iia|>btlialine,  artificial  cjimphor,  tallow, 
cocoa-fat,  spermaceti,  common  resin,  eandarac,  eheliaCj  sugar,  and  catteiu, 
(Faraday.) 

(/.  Liquids.  Besides  those  above  enumerated:  bromine,  chlorine,  and 
sulphurous  acid.     (De  la  Rive.^ 

Terchloride  of  arsenic  and  itg  hydrate,  and  biclilorido  of  tin,  (Fara- 
day,) Olive-oil  conducts  the  electricity  of  a  Zaraboni's  pile  les8  quickly 
than  other  fat  oils:  solid  tallow  does  not  conduct  so  well  as  oily  fat;  and 
solid  animal  fat  more  slowly  than  the  same  whoa  liquid.  (Rousseau, 
Ann,  Ckim.  Fh^s,  25,  373.) 

e.  Elastic  fiuiih.  Air  and  all  other  gases  under  the  ordinary  atmos- 
pheric pressure  and  at  ordinary  temperatures,  are  perfect  ineulatore. 
They  conduct  so  much  the  more  quickly  as  their  density  is  diniiniahed. 

A  conducting  body  surrounded  by  non-conductors  is  said  to  he 
luudaied. 


IT  Gutta  Percha  has  lately  been  shown  by  Faraday  to  be  one  of  tho 
best  among  non-conducting  bodiesj  its  insulating  power  being  fully  equal 
to  that  of  shellac.  It  may  be  used  in  the  form  of  either  ebeet,  rod,  or 
filament.  Wlien  formed  into  cylinders  about  half  an  inch  in  diameter,  it 
form«  excellent  insulating  pillars;  and  in  the  form  of  fine  threads,  it  is 
exceedingly  convenient  for  insulating  light  bodies,  HUch  a«  feathers,  pith- 
balls,  &c.  A  sbeot  of  it  is  easily  converted  into  an  electrophorus,  or  it 
may  be  coaled  and  uised  as  a  Leyden  jar.  When  nil)bcd,  it  showo  nega- 
tive electricitj.-^All  specimens  of  gutta  perclia  are  not  equally  good  as 
insulators.  The  cut  surface  of  a  piece  wkich  insulates  well  has  a  resinous 
lustre  aud  a  compact  character,  which  is  very  distinctive;  whilst  that 
which  conducts  has  not  tho  mme  degree  of  lustre,  appears  less  translu- 
cent, and  has  more  the  aspect  of  a  turbid  solution  solidified.  By  heating 
it  in  a  current  of  hot  air,  ii^  over  tho  chimney  of  a  low  gas-flame,^and  tlien 
stretching,  doubling,  and  kneading  it  for  a  time  between  the  fingers,  as 
if  with  the  intention  of  dissipating  the  moisture  within,  its  insulatinjij 
power  may  be  made  equal  to  that  of  the  best  specimens.  (Phil,  Mag*  «/* 
32,  165,)    IT. 

For  methods  of  determining  the  conducting  power  of  bodies  for  eleo- 
trlcity  of  jsmall  tension,  vid,  Wollaston  (Pitii.  Traiu,  1823,  20);  Rous- 
seau (Ann.  Chim.  Phys.  23,  373). 

The  iliflcrencc  between  conductors  and  insulators  is  one  of  degree 
only.  Electricity  of  high  tcnr*ion  like  that  developed  by  the  electrical 
machine — ^aud  in  a  less  degixji>,  tlmt  of  a  voltaic  battery  of  150  piirs  of 
platcs^ — is  conducted  even  by  ice,  and  still  better  by  iodide  of  potassium. 
The  communication  of  one  kind  of  electricity,  either  to  conductors  or  non^ 
conductors,  first  produces  a  polarization  of  their  particles,  a  peculiar 
electric  distribution, — so  that  the  particle  sitnated  next  to  the  one  at 
which  the  electricity  enters^  takes  np  the  opposite  kind  uf  electricity,  the 
next  particle  the  electricity  opposite  tt*  that,  and  so  on  throughout  tho 
whf>le  mass.  This  produces  a  discharge  of  electricity  between  the  neigh- 
buuring  particles:  the  sooner  this  takes  place,  and  the  smaller  the  electri- 
cal tension  required  to  produce  it,  the  better  does  the  body  conduct;  the 
more  slowly  the  discharge  takes  place  and  the  liigher  the  tension  required 
to  produce  it^  tho  better  does  the  ,body  ingulate.     Conductors  cannot 
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twtmih  pennatietitly  polariied;  insulatoni  on  thft  <»ther  IiBEnd^  leiain  their 
polarisM  condition  fitmWi    (Fanulay.) 

8.  The  two  eleetrieities  exist  in  bodies  in  the  state  either  of  test  or 
of  motioti* 

a.  At  rest.   Peltier's  Statical  JBledricU^. 

«.  Either  positive  or  negative  electricity  may  be  aocnmnlated  in  Insor* 
lated  eondudar$  in  various  quantities.  The  mater  this  Quantity  in  pro- 
portion to  the  surface  of  the  condnotor  (it  is  immaterial  whether  the  eon- 
dnetor  be  hollow  or  solid)  the  greater  is  the  ekdrieal  IniengUy  or  Ttmian 
of  the  bonduotor,  and  the  stronger  the  effort  which  the  electricity  makea 
to  leave  the  conductor  and  unite  with  the  oppoate  electricity  in  its  neigh- 
bourhood; and  this  greater  tension  probably  gives  rise  to  more  rapid 
motion  when  the  electricity  is  conducted  away. 

0.  In  an  InnUaior  the  two  kinds  of  electrioitv  are  always  present  ai 
the  same  time>  because  the  accumulation  of  one  electricity  at  a  particular 
point  of  such  a  body  always  causes  by  polarisation  the  appearance  of  the 
other  electricity  at  the  opposite  point;  and  the  tension  oi  the  two  electri- 
eities  is  higher,  the  ereater  their  quantity  in  proportion  to  the  ttkfhab; — 
they  also  adhere  to  Uie  insulator  very  strongly,  so  that  ther  can  only  be 
mdnally  removed  by  condnctom^  unless  the  latter  touch  the  whole  boT' 
noe  of  Uie  insulator. 

b.  In  Motum.  Peltier's  Dynamical  Bledrieity.  The  two  eleetrioitiei 
issuing  from  two  sources  or  two  conductors  chaiged  with  them  meet  in  s 
eondnetor  and  combine  together)  and  thus  produee  an  EU^rkal  GwrrmL 


CHEMICAL  RELATIONS. 
I.  Relations  op  the  two  Electricities  to  one  anotubr. 

The  two  electricities  have  a  very  great  affinity  for  each  other,  and 
exert  a  powerful  tendency  to  combino  together.  J'rom  their  combination 
results  Latent  or  Quiescent  ElectrkUyy  wliicli,  according  to  the  electro- 
chemical tbcory,  is  nothing  else  than  light  and  heat. 

By  various  causes,  the  mtent  electricity  in  bodies  is  resolved  into  posi- 
tive and  negative  electricity,  which  are  set  free  at  various  points. 

1.  Combination  of  the  two  Electricities  with  each  other. 

When  a  body  in  which  positive  electricity  is  accumulated  is  brought 
near  another  charged  with  negative  electricity,  the  two  electricities  com- 
bino together;  and  if  they  are  present  in  equal  quantities,  both  bodies 
appear  perfectly  neutral  after  the  combination  has  taken  place.  The 
combination  is  attended  with  the  development  of  light,  heat,  and  magnetio 
phenomena.  Insulators  which  oppose  the  combination  are  often  violently 
torn  asunder. 

The  tendency  of  the  two  electricities  to  unite  shows  itself,  when  the 
two  bodies  in  which  they  exist  are  moveable,  in  an  approximation  of  the 
bodies  themselves: — Bodies  oppositely  electrified  attract  each  other. 

If  the  two  bodies  are  separated  by  a  thin  film  of  a  non-conductor,  the 
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two  electricities  break  tliroUju^h  it — provided  tUey  have  sufficient  tensiou 
— and  a  f*park  is  produced  jK^conipanieil  by  a  i Joi.se.  (Ehdiic  Shock.) 
Tlie  (Juration  of  an  elpctnc  .spark  \^,  according  to  Wlieatatone,  only 
i  Y ^^ J 0 fl  second.  If  tbe  non-conductor  1>«  solid,  like  glass,  it  ia  pierced;  the 
game  effect  takes  pbicoevou  with  semi -conductors  and  good  conductor's — aa 
with  a  card  or  tinfoil — when  they  are  surronndoil  with  air  and  placed  in  a 
Ibin  film  between  the  two  oppositely  electrified  condiictora*  When  a  card 
is  pierced  in  this  way,  the  ed^'CS  of  tbe  bole  are  often  raided  in  the  direc- 
tion of  both  conductors,  positive  as  well  a.«  negative.  Tinfoil,  according 
to  ^foll  {J,  Phi/n,  90,  390),  often  exhibits  two  bole«  with  their  edges 
turned  in  opposite  directions,  as  if  the  positive  electricity  bad  gone 
through  the  one  and  tho  negative  through  the  other. 

Tbe  light  of  tbe  Fpaik  is  variouiJily  coloured,  partly  according  to  tho 
density  of  tbe  ela^itic  medium,  partly  according  to  its  peculiar  nature. 
(H.  Davy,  ylnn.  Chinu  Phys^,  20,  168:  Grottbuag,  ISckw.  14,  ia3| 
Famday.) 

When  the  combination  of  tbe  two  eb>ctricitie8  takes  place  through  a 
conductor  brought  in  contact  with  both  the  electrified  bodies,  and  tbo 
tpmntity  of  tbe  combining  clectrieitiea  i.i  considerable,  tbe  conductor  becomes 
licated  to  the  mo^t  vivtd  incandescence,  and  fuflcs.  Platinum  and  iron 
w  ire  fuse  in  tbe  circuit  of  a  powerful  voltaic  battery;  if  tbe  wire  be  im- 
mersed in  water,  tbe  water  boils.  A  given  quantity  of  common  electri- 
city heats  a  wire  to  the  same  degree,  whatever  may  bo  its  intensity. 
(Harris.) — Currents  from  different  yoltaic  batteries  which  produce  ec|ual 
deflections  of  tbe  magnetic  needle,  raise  the  temperature  of  the  conduct* 
ing  wire  in  the  same  degree:  if  a  wire  01  metre  in  length  produces  n 
deviation  of  20 •,  and  becomes  heated  lO'^,  a  wire  Kevenil  metres  long 
will  also  have  its  temperature  raii?ed  10°,  when,  by  a  proportionate  increase 
in  tbo  power  of  the  battery,  its  deviating  power  Itas  been  made  equal  to 
20^.  Witlj  the  same  wire,  an  augmentation  In  tbe  power  of  the  battery 
raises  the  temperature  in  a  higher  proportion  than  it  increases  the  de- 
flecting power:  when  the  deflcctiu;^  power  is  doubled,  the  degree  of 
heating  is  trebled.  With  wirea  of  dill'erent  thicknesses,  tbe  Iieatiug  power 
increases  more  rapidly  than  tiio  trauj^rerso  section  diminishoi?;  when  the 
latter  is  reduced  mie-half,  tbe  former  is  increased  three- fcdd.  {Peltier.) 
If  tbo  connecting  wire  of  the  voltaic  battery  consists  of  three  pieces  of  pla- 
tinum and  three  pieces  of  silver  sohlcred  together  alteruately,  tbe  platinum 
alone  becomes  red-hot.  If  a  platinum  and  a  silver  wire  are  connected 
together,  the  platinum  becomes  reddiot  before  the  silver:  so  likewi,«e  pla- 
tinum with  zinc  orgohl.  When  platinum  is  joined  with  tin  or  lead,  tbo 
latter  metal>*  fuse  at  the  junction  before  tbe  platinum  becomes  heated  ta 
redness;  Imt  even  in  this  case  the  greatest  rise  of  temperature  takes  place 
in  the  platinum.  When  platinum  and  iron  are  united,  tbe  platinum  be- 
comes first  incandescent,  then  tbe  iron  more  gtrongly  than  the  platinum. 
When  iron  i»  united  with  gold  or  zinc,  the  iron  become.^  incandescent. 
Zinc  is  more  strongly  heated  than  silver,  copper  more  strongly  than  gold. 
The  more  slowly  nieUds  conduct,  the  more  intensely  do  they  become 
heated:  and  according  to  these  experiments^  they  succeed  one  another  in 
the  bdlowing  order,  beginning  with  the  best  conductors:  Silver,  EinCj 
gold,  copper,  iron,  phitinum.  At  high  temperatures,  iron  seemB  to  con- 
duct less  easily  than  phitinum;  for  after  the  action  has  continued  a  certain 
titne,  tbo  iron  becomes  tbe  more  incundescent  of  tbe  two.  (CLildrcn,  FhlL 
Tr.  1815,  363;  also  Schw,  10,  359.)  If  a  concentrated  solution  of  chlo- 
ride of  calcium  be  connected  w^itb  the  positire  pole  of  a  strong  voltaio 
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hj  m  thitk  wu%  and  whb  tbe  BegaliT«  pole  W  %  tkin  vire  of 
the  hUer  bccoici  im  ■mliin  iit,  foeiv  and  idk  inUi  tKe  sola- 
drapa  wkaeh  Mloffr  ose  mmai^kfw  werj  ^viddj;  Wl  if  tlie  tUm 
win  ooinr«7»  tke  pontiTV  ciedncitx,  it  n^eaW  docs  Mi  hm^  (Hare.) 
—A  metai  Weomoa  tke  HMiaa  atraogfy  hcatod,  tht  man  dovlj  it  c^a- 
dKUaiidihekaBcipadtyiftlMafDrkBL    (Bio^  Pi^.  44,  7a.) 

If  m  liae  virebe  ioldmd  to  an  iraa  or  copper  wivey  iW  poipt  of  jmiC' 
tium  Ipeeaaaea  ■aie  atraigif  beatod  whm  tW  xw  ia  comected  witb  die 
■igfttire  thmm  wlmi  il  ia  conneclcd  witli  tlte  posittre  pole.  If  tbe  com* 
pcmd  wire  eoiwata  of  copper  and  InaDntlli,  t&e  jmeiioo  becomes^  heated 
wWn  tke  copper  ia  coBi^eled  with  die  poeitire,  bat  cooled  when  that 
vetal  ia  in  dMmcelioii  with  the  n^atire  foke.  The  opposite  relation  is 
exhibited  wbra  ciqipet  ia  united  with  anUmonr,  the  eoidiiic  taking  pl»co 
wbeii  the  copper  toochea  the  poeitiTe  pole*  Antimonj  and  bisniidLh  gire 
the  atroogeat  raria^na  of  tempefmioie,  exhibttii^  a  rise  of  temper«iiiie  at 
the  inDction  when  the  pomtire  eleetncily  proceeds  frum  the  an  tnoonj^  a&d 
a  hih  in  the  contraiy  cace. 

[Manr  inetak,  eqiecially  antimon j,  attpear  to  eondnct  podtire  better 
than  negattre  eleetrid^;  otbera,  partieutarlj  hienath,  seem  to  be  more 
capable  of  oondnettag  negatiTe  elecirieitT  than  poflitrre.  When  antimony 
ia  connected  with  the  positixe,  and  bismuth  with  the  negatiye  pole,  the 
former  conducts  podiive  and  the  Utter  negatire  electricity  to  the  junction, 
which  becomes  heated  from  the  combination  of  the  two  electricities ;  but 
when  the  antimony  i^  connected  with  the  ne;galiTo  pole,  the  beat  of  the 
jonction  is  resolred  into  positlre  electricity,  which  paoea  on  to  the  nega- 
Utc  pole  through  the  antimony  which  condnctd  it  moet  freely. — nnd 
negative  electricity  which  paaeea  on^  through  the  btsmntb  which  give?  it 
the  readiest  passage,  to  toe  positire  pole.  The  combination  of  the  two 
electricitiea  and  the  oonseqaent  Jerelopment  of  heat  take  place  where  the 
antimony  touches  the  negative,  and  the  bbmuth  the  |>osiliTO  pole ;  bat 
the  janction  ia  coole*l  by  the  decomposition  of  a  portion  of  its  heat**] 

The  cooling  of  the  junction  amoaots  to  3"^  R ;  water  placed  in  a  hole 
made  at  that  point  becomes  frozen  in  fire  miunte^,  if  the  rod  haa  been  pre- 
viously cooled  down  to  0".  When  the  ex|>eriment  ia  continued  for  a 
longer  time,  the  temperatnre  of  the  junction  again  riaea,  becaoae  the 
bismuth  becomes  j^radnally  heated  (mnch  sooner  thsin  the  antimony,)  and 
cumTnuuicatcs  its  temperature  to  the  janction.  (Lenz.) 

If  the  copper  wirea  connecting  the  poles  of  a  Danieir??  battery  of  160 
pain  be  gradnally  separated  to  the  dii^tance  of  |^  or  |  inch,  the  electrical 
current  will  pass  from  one  to  the  other  in  the  form  of  a  luminous  arch 
(probably  carrying  fine  particles  of  the  conductor  along  with  it).  The 
positive  wire  alone  l>ccome5  incandescent.  Similar  phenomena  are  ex- 
hibited by  brai»,  iron,  and  tJatinum  wires.  (Gajssiot,  Phil.  Mag,  %L  13, 
iZii;  aleo  Pofjg.  46,  33U.)  [Thie  ^eems  to  show  that  the  negative  elec- 
tricity of  the  luminous  arch  is  conducted  more  readily  than  the  positive 
electricity,  and  that  consequently  the  two  electricities  combine  tog 
in  the  wire.l 

Charcoal  placed  between  the  polea  of  the  deflagrator  emits  aa  mtieh 
light  as  1600  candles.  (Hare.) 

If  the  direction  of  the  conducting  wire  ia  from  North  to  South  and  a 

'^  All  rcmarkfl  enclosed  within  three-cornered  brmckets  cotitAin  eiplanations  Accord* 
ing  to  the  ttuthor^B  theory  given  in  P&gg»  44 »  1»  which,  whether  e^tabltshed  or  not^  may 
Minre  •&  ^  guide  to  conduct  us  Ihroagb  the  chaotic  region  of  the  theory  at  decfricity, 
'  inach  it  may  Irare  aaexpkiiied. 
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iiiag^netic  needle  Is  placed  in  its  neiglibourhootl  and  parallel  to  it,  tlie 
needle  cbangea  its  diret^tion,  even  when  the  eleetricitics  wliieh  are  com- 
bining in  the  wire  have  but  a  very  feeble  tension,  provided  only  their 
quantity  bo  siiftieiently  grKit.  When  the  positive  electrieity  oiitora  at 
the  north  ciifl  tif  the  wire  and  the  negative  eleetrielty  at  its  south  end, 
and  the  magnetic  needle  is  plaeed  above  the  wire,  the  north  pole  of  the 
needle  turns  to  the  west;  it'  the  needle  is  below  the  wire,  its  north  pole 
turiLs  to  the  east  If  the  needle  U  placed  on  the  sanjo  level  with  the 
wire  and  on  ila  ea$tern  s'uhr  tlie  north  pole  moves  upwards;  but  the  ^anie 
pole  act|uires  a  downward  motion,  when  the  needle  ii>  placed  on  the  western 
side  of  the  conductor.  We  may  imagine  that  the  two  electricltioa  move 
through  the  wire  toward.-*  one  another  in  spiral  lines,  the  positive  electri- 
city moving  to  the  right  and  disturbing  the  north  pole  of  the  magnetic 
needle,  the  negative  electricity  turning  to  the  left  and  disturbing  the 
south  pole,  (Oerstedt.) — One  pole  of  ami»veahle  magnotic  needle  revolves 
constantly  in  one  direction  round  ii  wire  conveying  a  current  of  electricity, 
—and  with  a  different  arrangement,  the  other  pole  revolves  in  the  eon- 
trary  direction.  (Faraday.)  A  metallic  wire  twisted  in  the  form  of  a 
lielix  behaves,  wliile  an  electric  current  is  running  through  it»  exactly 
like  a  magnet*  showing  a  north  pole  at  one  end  of  the  helix  and  a  .south 
pole  at  the  other*  (Ampere  &  Arago.) 

These  effects  are  bo.-^t  exhibited  by  voltaic  electricity,  on  account  of 
its  greater  (juantity;  but  common  electricity  likewise  acts  en  the  magnet^ 
when  it  m  conveyed  from  tfic  conductor  tu  the  wire,  not  in  sparks,  hut  by 
fine  points,  or  damp  threails^  or  rarefied  air.  (Colladou,  /^o^/'jr.  8,  33f>; 
Norreuberg,  Zdlsch.  Ph.  math.  3;  Faradriy,)  Equal  riuantities  of  elec- 
tricky  combining  together  in  the  wire  in  the  same  time  produce  equal 
effects  upon  the  ma^et»  whatever  may  be  their  tension^  Hence  the 
dcHectitm  of  tlie  needle  show.q  the  absolute  qnantity  of  electricity  which 
is  passing  through  tlie  conductor.  (Faraday.) 

The  Efectricnl  Muitiplier  or  Gafmnomeier  invented  by  Schweigger 
consists  of  a  magnetic  needle  (or  of  several  needles  fastened  together 
with  their  opposite  poles  placed  over  one  another)  suspended  by  a  deli- 
cate thread  and  surrounded  by  100  or  several  hundred  coils  of  a  copper 
wire  covered  with  silk.  By  this  arrangementj  the  electric  current  is  made 
to  circulate  many  times  round  the  needle*  and  the  effects  of  its  several 
parts  become  adtlcd  together,  so  that  a  very  small  quantity  suthcca  to 
produce  deviation,  (Schweigger,  iS^Atf,  31,  1;  32,  320;  Oersted t,  6*chiff. 
52,  14;  Norrenberg,  Ztitschr,  Fh.  Math,  3;  Becquerel,  Poqf^^  2,  200; 
Nobili,  8,  338;  20,  213;  Nervander,  Ann.  Chim.  Fhyf^.  55,  iVa.) 

The  electric  current,  besides  its  dcvlatinr/  or  deffecfinrf  action  on  the 
magnetic  needle,  likewise  exhibits  a  ma*jnetlzhiij  action:  If  the  wire 
through  which  the  curnnt  parses  be  twisted  in  a  spiral  form  round  a 
mass  of  iron,  the  latter  will  become  stroni^'ly  magnetic,  as  long  as  the 
current  passes  throngh  the  wire.  Steel  likewise  retains  a  part  of  the 
magnetism  thus  developed  in  it,  after  the  current  has  ceased.  A  steel 
wire  also  becomes  magnetizeil  when  placed  outside  the  helix  and  parallel 
to  it,  but  the  magnetism  thus  excited  is  weaker  and  the  direction  of  the 
poles  is  the  reverse  of  that  in  the  former  position  of  the  ueedle.  The 
electro- magnetic  action  is  not  prevented  by  surronading  the  needle  by  a 
glass  tube.  (Ampere  &  Arago.) 
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DeoompoMon  qf  Latent  ElectricUif  into  Hi  Iwo  opporiU  kMk^—D^- 
velopmerU  of  EledricUjf. 

A.  ElectrioUif  h}f  Induotum. 

When  a  conductor  is  charged  with  one  kind  of  electricity — podtiTe  for 
ample — \b  separated  from  another  containing  only  latent  electricity,  by 
a  non-condnctor  snch  as  air,  glass,  varnish,  &c.  the  tendency  of  the  posi- 
tire  electricity  of  the  first  conductor  to  combine  with  the  negatire  electri- 
city of  the  second  causes  the  latent  electricity  of  the  latter  to  be  lesolred 
into  its  two  parts,  the  neffative  electricity  going  towards  that  part  of 
the  second  conductor  whidi  is  nearest  to  the  first,  whilst  the  positiTo 
electricity  appears  in  the  free  state  at  the  other  end. 

Since,  as  appears  from  this,  one  kind  of  electricity  derelopes  the  oppo- 
site kind  in  a  body  containing  only  latent  electricity,  and  endeaTonrs  to 
unite  with  it,  it  follows  that  electrified  bodies  will  attract  eren  those  in 
which  the  electricity  is  wholly  latent.  Hence  two  easily  moveable 
bo^es  suspended  in  air  appear  to  repel  one  another*,  because  they  are 
attracted  by  those  particles  of  air  which  hare  not  yet  received  any  eleo- 
tridity  from  the  bodies,  and  are  therefore  in  a  condition  to  supply  the 
ppposite  kind  of  electricity.  This  takes  place  to  the  greatest  extent  with 
those  particles  of  air  which  are  situated  beyond  the  two  electrified  bodies, 
and  least  with  those  between  them. 

When  the  tension  of  the  positive  electricity  iu  the  first  conductor,  an4 
of  the  negative  electricity  thereby  developed  m  the  second  becomes  snffi- 
dently  great,  the  two  electricities  make  their  way  through  the  interposed 
non-conductor  in  the  form  of  a  spark  (the  so-called  simple  electric  qiark)^ 
or  of  a  luminous  brush,  and  combine, — and  both  conductors  subsequently 
contain  an  excess  of  positive  electricity  of  less  tcn^jiou  than  that  which 
previously  existed  in  the  first  conductor. 

If,  before  this  combination  takes  place,  the  poijitive  end  of  the  second 
conductor  be  connected  with  the  ground  by  means  of  another  conductor, 
the  positive  electricity  passes  away  to  the  earth,  while  the  negative 
remains  in  the  second  conductor.  This  is  the  principle  of  the  Electro- 
phorusj  the  Condenser,  and  the  Ley  den  Jar, 

B.  Magneto-Electricity. 

If  either  pole  of  a  magnet  be  thrust  within  a  metallic  spiral  connected 
with  a  galvanometer,  a  momentary  deviation  of  the  needle  will  be  pro- 
duced, the  north  and  south  polet>  of  the  magnet  producing  opposite  efifects. 
If  a  horseshoe  magnet,  or  a  horseshoe-formed  keeper  belonging  to  it,  be 
surrounded  with  silk-covered  wire,  and  the  two  sharpened  ends  of  this 
wire  amalgamated  and  made  to  touch  each  other  loosely, — then,  on  sud- 
denly pulling  the  keeper  ofi*  the  magnet,  an  electric  spark  will  pass 
between  the  ends  of  the  wire  as  they  are  separated  from  one  another  by 
the  jerk.  (Faraday.)  In  the  Magneto-electric  Machine  of  Pixii,  Saxtorph^ 
&c.,  the  horseshoe-formed  keeper  is  surrounded  with  wire,  and  the  horse- 
shoe magnet  is  made  to  rotate  rapidlyf ,  so  that  its  two  poles  alternately 
approach  the  two  ends  of  the  keeper.  The  direction  of  the  current  in 
the  spiral  is  reversed  with  each  half-revolution;  but  by  means  of  the 

*  The  bodies  are  of  course  supposed  to  be  similarly  electrified.     [W.] 
t  This  very  clumsy  arrangement  soon  fell  inta  disuse:   in  all  magitecto -electric 
machines  at  present  used,  the  magnet  is  fixed  and  the  keeper  revolves.     [W.] 
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OomtMitahr,  mj^tieTs  may  be  so  arranged^  tliati  ss  the  clectrtcity  is^es 
from  tbo  extremities  of  the  spiral^  all  the  (lOBitive  electricity  may  be  com* 
muiiicated  to  one  conductor,  and  all  the  negative  electricity  to  another. 

Induction. — Two  helices  of  wire  covered  with  gilk,  ^uoilac,  or  caout* 
chouc,  and  wound  in  the  same  directioD,  are  placed  parallel  to  each  other 
or  one  within  the  other.  If  now  an  electric  current  he  parsed  through 
one  of  the^e  helices,  the  primary  helix, — then,  at  the  firet  insjtant  of  its 
paasjigc,  a  current  in  the  oppos^itc  direction  will  bo  devehtped  in  the  other, 
the  secondary  helix:  and  at  the  moment  when  the  current  in  the  primary 
helix  ceases,  a  current  will  pass  through  the  secondary  helix  in  tbe  same 
direction  a^  that  in  the  primary  helix.  If  an  iron  cylinder,  or  stiil  better, 
a  handle  of  thin  iron  rods  covered  with  silk^  bo  placed  within  the  secon- 
dary helix,  the  current  in  that  helix  will  he  of  conaiderahle  strength. 
(Fiiraday.) 

C,   EUdricity  of  Capillar Ut/ f 

If  one  end  of  the  galvanometer  wire  be  connected  witli  a  platiunni 
Epcjon  containing  a  li*jnid,  the  other  with  a  pair  of  ft^rcepa  holding  a 
porous  hodvj  an  electric  current  h  set  up  on  <iipping  the  body  into  the 
liquid,  and  continues  till  the  body  is  completely  saturated  with  the 
liquid.  Witli  hydrochloric  or  nitric  acid  and  spongy  plathnjni,  positive 
electricity  goes  from  the  phitinuni  through  the  galvanometer  to  the  acid; 
with  nitric  or  dilute  ^sulphuric  acid  au«l  charcoal,  the  current  lante  about 
two  hoars  and  travelt?  in  the  opposite  direction*  (BecquereL)  In  the  case 
of  charcoal^  chemical  action  may  be  su[)posod  to  come  into  plaVt  and 
likewise  in  that  of  the  platinum  whuu  it  has  not  been  very  strongly 
ignited,  (Gni,) 

D,  Blecti-icitf/  of  ihs  Solar  Rayg  $ 

When  the  sun  ehinee  on  a  perfectly  dry  gla^s  plate,  the  latter  be- 
comes  electrical;  a  sccoinl  plate  on  which  the  light  falls  after  passing 
through  the  first  doc^uot  become  so:  neither  does  heating  by  tire  product* 
electricity.     (Matteucci.) 

E.  EUcit^icity  of  Cri/$taU, 

Many  crystals,  while  they  are  being  heated,  exhibit  opposite  eloctri- 
miies  At  their  oppoehe  ends.  Those  extremitieii  which  are  positive  while 
the  temperature  ib  riging^  become  negative  as  the  crystal  coola ;  and  con- 
versely. 

Crystal-electricity  is  exhibited  by:  Tourmalin  (^l^pinns),  topaz  (Can- 
ton), axinito  (Beard),  horacite,  prchnite  (both  the  radiant  and  tihroug 
varieties  according  to  Von  Kobell,  Kfidn,  Ardim,  13,  388),  sphene,  zinc- 
gla.**,  and  mesotype,  (Hauy);  (iilso,  according  to  Brewster,  Greenland  me- 
6otype»  skolezitCt  and  mesolite),  rock-crystal,  amethyst,  tartaric  acid, 
Rochelle  ealt,  and  common  sugar  ( Brewster) j  rhiidizitc  (borato  of  mag- 
nesia, G.  Hose),  neutral  tartrate  of  potanh  (Hankel),  and  in  a  slight 
degree  by  milk-sugar  (Bottger,  /V/5?.  43,  651>).  Besides  these,  the  fid- 
lowing  are  enumerated  by  Brewster  aj?  exhibiting  crystal-electricity: 
Diamond,  sulphur,  sulpliate  of  ammonia,  carbonate  of  potash,  chlorate  of 
potasti,  heavy  spar,  coelestin,  calc^par,  fluor  spar,  sulphate  of  magneda, 
sulphate  of  magnesia  and  Mida,  beryl,  iolito,  diopside»  vesurian,  garnet, 
analcime,  rcdorpiment,  lead-«par,  green  vitriol*  ferrocyanide  of  potassium, 
corrosive  sublimate,  oxalate  of  ammonia,  citric  acid,  and  acetate  of  lead. — 
Since,  however^  Brewster  merely  examined  whether  these  bodicfi  after 
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TOBBel,  hot  water  be  poured  oti  the  one  and  cold  on  tlie  other,  positive 
electricity  will  pa*«  for  a  short  tirao  from  the  cold  wire  through  the  gal* 
vanometer  to  the  hot  wire.  (NobiU.) 

h.    WitJi  Two  Mfiah, 

When  t«ro  pieces  of  difierent  metals  conaected  with  a  galvanometer 

are  nnited  by  soldering  or  by  intimate  contiict,  an  electric  current  h  mi 
up,  as  soon  as  the  point  of  junction  le  brought  to  a  temperature  diflerent 
(either  higher  or  lower)  from  that  of  the  rest  of  the  circuit.  (Seebeck.) 
The  strength  of  the  cnrrent  appears  to  be  in  direct  proportion  to  the  dif- 
ference of  tenipcrataro ;  it^  direction  depends  upcm  the  nature  of  tho 
metals  employe^!.  The  meUls  may  he  armnged  in  a  ttienno-dcdric  series, 
sucbj  that  each  metal — when  connected  with  tho  one  on  its  left  band — 
transmits  negative  electricity,  and  when  coanecte^l  with  that  on  its  right 
hand,  positive  electricity,  from  its  heated  point  to  the  galvanometer. — tho 
point  of  junction  being  supposed  to  be  heated,  and  vice  vena  when  it  is 
cooled.  Tho  strongest  current  is  produced  by  a  circuit  of  bismuth  and 
antimony,  these  metals  standing  at  tho  extremities  of  the  series. 

According  to  Yelin,  the  order  is :  Bismuth,  silver,  platinum,  copper, 
gold  J  tin,  lead,— due,  iron,  antimony. 

According  to  Becquorel:  Bismuth,  platinum^  lead,  tin,  gold,  silver, 
copper, — ^zinc,  irop,  antimony. 

According  to  Gumming:  Galena,  bismuth,  mercury  and  nickel,  plati- 
num, palladium,  cobalt,  silver  alloyed  with  copper  ajni  manganese,  tiui 
lead,  brass,  rhodium,  gold,  copper,  osmium -iridium,  silrer, — aino,  char- 
coal, graphite,  iron,  arsenic^  antimony. 

The  dash  separates  the  thermo-positive  from  the  thenno-negative 
metals;  the  conjunction  and  is  placed  between  two  metals  of  equal  thermo- 
electric power.  The  discrepancies  in  the  statements  of  different  experi- 
menters induce  the  supposition  that  the  direction  of  tho  current  is  affected 
by  impurities  in  the  metals,  and  varies  with  the  djtferenco  of  lempemtujre. 
That  tlie  latter  may  really  bo  tho  case,  will  appear  from  the  following. 

When  iron  is  moderately  heated  in  contact  with  copper,  silver,  gold, 
brass,  or  iinc,  positive  electricity  proceeds  from  the  iron  through  the 
galvanometer  to  the  copper,  &c.,  but  when  the  heat  is  stronger  from  the 
copper,  &c,y  to  the  iron.  (Camming.)  The  reversal  of  the  direction  of 
the  current  takes  place  at  a  dull  ro*l  heat,  when  copper  and  iron  are  the 
metals  employeil,  (Becquerel.)^5Iinc  and  gold  produce  at  70^  a  feeble 
current,  whicfi  passes  from  the  zinc  through  the  galranometer  to  the  ^Id; 
at  150 ',  this  current  cea-ses;  at  180"^  an  opposite  current  sets  in,  and  be- 
comes very  strong  at  275"^.  On  the  contrary,  with  xinc  and  silver  at  a 
low  temperature,  positive  electricity  piasses  from  the  silver  through  the 
galvanometer  into  the  zinc.  This  current  attains  its  greatest  strength  at 
120  ,  diminishes  at  a  higher  temperature,  ceasos  at  225%  and  is  reversed 
at  still  higher  temperatures.  (Doctiuerel.) 

The  farther  two  metals  are  separated  in  tho  thermo-electric  sei-ies, 
and  the  higher  the  temperature  of  their  point  of  junction,  tho  more  power- 
ful is  the  electric  current;  but  it  is  always  email  in  quantity,  and  of  very 
feeble  tension. 

[Since  bi>^muth  conducts  ncgatiro  electricity  better  than  positive,  and 
antimony  conducts  positive  electricity  better  than  negative,  it  follows,  from 
tho  hyiiotliesis  laid  down  on  page  321,  that,  on  heating  the  point  of  junction 
of  these  metals,  the  negative  electricity  will  pass  through  the  biirmuth,  and 
the  positive  through  the  antimoDy,  towards  the  colder  part  of  the  metallio 
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betsg  licaiai  m  s  ^mmt,  e^bitod  ma  j 
dibct  wliieli  migltl  proaee4  fniva  TainoM 
■Mement  ia  doobM  bj  Haakel,  wW 
Mkd  fraud  no  sigiu  of  cijiiml-^leclneHj  is 

Mo«t  of  the  erjfUk  dbore  cymnciatod  ai^  namnwtncal,  C  €.,  the^ 
exJiilnt  difieretittj  feiiBed  imooB  ml  tkeir  w»iBft|WMnig  codi.  Moweorey, 
llankel  remarkA  tlifti  roek-crjitol  in  llie  laHd  limlcv  ^^  aeatnl  tattiato 
of  mHaiIi^  Eodielle  nil,  and  eomnoii  nigar  n  tlie  simie  of  aola  tioB,  are 
aaid  hj  Biot  to  exbibtt  circolar  polariaUion  of  l^t. 

Tofmnaiinei  are  geoeraUy  mote  slrongljr  deelncal  m  propodtioa  m 
Ikey  ate  darker  id  colooTy  and  bare  fewer  ererkes  tn  Ikeir  tatarior.  (G. 
ItMiv  ^0^*  3^1  320,)  Maaj  of  tbem  beeome  ^eelileal  oalf  wkea  aad- 
deolj  belied  and  oooled.  Small  tonnnalinea  are  move  wilj  exctled 
ibais  large  oiiee;  and  fragmeDU  more  readilj  tbaa  eslire  erjttala. 
(BecquereL)  ETen  tbe  mo^  fitielj  divided  toamialme  powder  is  elec- 
trical, eo  tliat  wben  wanned  it  adheres  togetber  and  to  tbe  ^orfa^re  on 
wbieh  it  rests.  (BrewBter.)  Wben  a  tourmaline  is  beated^  posit  ire  elec- 
tricitr  appears  at  tbat  end  of  tbe  pri^^m  which  bais  either  a  single  right 
temiinal  meej  or  merelj  the  three  £aoes  of  the  primitive  rhombohedron,  or 
hfith  kinds  of  faces  together, — or  in  addition,  tbe  fiiees  arising  bj  truncation 
of  tbe  terminal  edges;  and  the  negative  electricitj  at  that  extremity 
which,  together  with  tbe  right  seoondarj  plane,  ha£  also  the  three  hsi  named 
fiioes,  or,  together  with  the  three  h/xa  of  the  primitive  rhombohedron,  like* 
wise  tbe  three  faces  of  a  less  obtuse  one.  (Kbhler,  Po^g.  17,  146»)  It  is 
only  daring  beating  and  cooling  that  tbe  tourmaline  shows  signs  of  elec- 
tricity; as  long  as  the  temperature  remains  stationary  after  beating,  it 
shows  none;  but  as  soon  as  the  temperature  begins  to  fall,  the  opposite 
electrical  state  is  suddenly  established.  If  only  one  end  be  heated,  that 
end  alone  becomes  electrical,  the  electncity  diminishing  gradoally  towards 
the  cold  end  till  it  Is  reduced  to  nothing; — when  the  heated  end  is  cooled, 
itaecjaires  the  opposite  electricity,  which  graduaUy  diminishes  towards  the 
opposite  end.  If  one  end  is  heated  while  the  other  is  cooled,  both  exhibit 
the  same  kind  of  electricity.  (Bergman,  Opu^.  5,  402 ;  Becfjuerel.) 

If  the  end  of  the  tourmaline  which  exhibits  positive  electricity  when 
halted,  be  rubbed  with  wool,  it  will  become  still  more  strondy  electrical, 
beeanse  the  friction  likewise  developes  positive  electricity;  but  the  oppo- 
site end  when  rubbed  with  wool  does  not  become  electrical,  because  the 
positive  electricity  dcvelopc<l  by  friction  and  the  negative  electricity 
developed  by  heat  neutralize  each  other.  (P.  Erman,  /'o^*/.  26,  607.) 

In  boracite,  the  four  summits  of  the  cube  in  which  the  tetrahedral 
faces  are  absent  bec<inie  positively  electric;  the  four  other  diagonally 
opposted  summits,  which  are  replaced  by  tetrahedral  faces,  negatively 
electric.  (Kohlcn)  In  the  dodecahedrons  of  rhodizite,  the  four  comers 
(rhonibolietlral  summits)  which  have  tetrahedral  faces  become  positively 
electric  when  heated;  the  four  opposite  comers  which  have  wo  such  faces, 
negf»tively  electric.  (G.  Rose.) 

The  fjhort  prism  of  silicate  of  zinc  (electric  calamine)  h  modified  at 
one  end  by  the  faces  of  a  rectangular  octohedrou,  at  the  other  by  those 
of  a  rhombic  octobedron ;  tbe  former  becomes  positively  electric  when 
heated,  the  latter  negatively,   (Kubler.) 

Bra7,iliaii  topaz  becoincs  strongly  electrical,  Siberian  slightly,  Saxon 
not  at  all :  wben  topaz  is  heated,  negative  electricity  appears  at  both 
ends  of  the  prism,  and  positive  on  all  the  lateral  faces.' (P,  Erman.) 

Skolczite  and  mestdite  deprived  by  heat  of  their  water  of  cryatalliza- 
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tion  and  reduced  to  powder,  still  show  eigria  of  crystal -electricity.  (Brew- 
ster,) 

Neutnil  tjirtrate  of  potash  crystallize^^  in  right  rhombic  prisma,  bnt 
aoumiiialcd  with  two  faces  at  the  actite  lateral  edge^,  and  perpendicularly 
truncated  at  tbo  bafie.  The  lirst-meotioned  extremity  shows  negative 
elcetricitj  even  when  gently  warmed^  and  podtivc  on  cooling;  the  other 
end  exbibitsi  the  opposite  state,  (liankeh) 

The  supposition  that  crystal- electricity  proceeds  from  a  structure  of 
the  crystal  similar  to  that  of  the  voltaic  pile,  is  contradicted  by  the  fact 
that  the  chemical  constitution  of  crystals  is  homogeneous,— whereas,  in 
the  voltaic  pile,  a  mechanical  union  of  heterogeneous  eubstancea  is  es- 
eentiah 

F.   TkermO'Eieclriciiy, 

When  one  part  of  a  metallic  circnit  is  more  strongly  heated  than  the 
rest,  an  electric  current  is  excited  in  it  under  the  following  circuniBtanceH  : 
(a.)  When  the  circuit  consists  of  a  eingle  metal,  and  the  heating  which 
takes  place  at  a  particular  part  diminishes  more  rapidly  on  one  side  than 
on  the  other;  and  (k)  When  it  consists  of  two  metals,  and  one  of  the 
points  of  junction  ts  heated. 

a.    With  one  Metal. 

A  metallic  wire  connected  with  the  two  ends  of  a  galvanometer  gives 
no  electric  current  when  heated  in  the  middle :  but  when  each  end  of 
the  galvanometer  is  connected  with  a  wire,  and  tho  end  of  one  of  tbo 
wires  is  heated,  and  then  quickly  pressed  on  the  cold  end  of  the  other,  an 
electric  current  becomes  manifest  by  the  deflection  of  the  needle  of  (he 
galvanometer*  Tbo  direction  and  strength  of  this  current  vary  with  the 
uature  of  the  metal  employed.  In  the  ^^-QnWi^il  po^itiveltf  ihermo-eleciric 
metals  (bismnth^  platinum,  gold,  silver,  copper,  iStc.)  positive  electri- 
city goes  from  the  cold  piece  of  metal  through  the  galvanometer  to  the 
hot  piece;  in  those  which  ^tq  negatively  thermO'eUctric  (zinc,  iron,  anti- 
mony) from  tho  hot  to  the  cohl  end.  The  more  one  end  is  heated,  the 
stronger  is  the  current.  According  to  Yelin,  bismuth  produces  the 
strongest  current  wilb  a  given  degree  of  heating;  then  follows  antimony, 
then  zinc,  silver,  platinum,  copper,  brass,  gohl,  tin,  and  lastly  lead;  but, 
according  to  Nobili,  this  order  is  correct  for  certain  temperatures  only, 

A  simple  platinum  wire  connected  with  a  galvanometer  also  produces 
a  current  when  boated,  if  it  be  tied  in  a  knot  at  one  point  and  heated 
near  the  knot;  because  the  more  rapiil  cooling  through  the  knot  causes 
unequal  distribution  of  heat  on  the  two  sides;  the  positive  electricity 
proceeds  from  tbo  knot  through  the  jgalvanometer  to  the  heated  part. 
Two  copper  wires  do  not  produce  so  strong  a  current  when  clean  as  they 
do  when  covered  with  oxide  or  with  a  thin  film  of  silver  or  gold,  because 
the  covering  hin<lers  the  communication  of  beat  to  the  cold  end,  and 
consequently  interferes  with  it^  uniform  distribution.  (BecqnereL) — Mer- 
cury is  not  thermo-electric,  according  to  Matteucci  and  De  la  Rive;  very 
slightly,  according  to  Peltier. 

[Many  metals,  as  antimony,  iron,  and  zinc,  conduct  positive  better 
than  negative  electricity;  others,  as  platinum^  copper,  and  silver,  exhibit 
the  contrary  relation »  When  a  metal  is  heated,  its  power  of  conducting 
electricity  diminitthes  altogether,  but  the  diminution  is  greatest  with 
regard  to  that  kind  of  electricity  which  it  conducts  least.  When  a 
piece  of  metal  heated  at  the  extremity  touches  a  cold  piece  of  the  same 
raetal,  the  beat  diminishes  gradually  from  tbo  heated  end  to  the  part  of 
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the  nine  pieee  of  metal  in  eonUet  with  tlu 

towmrda  Uie  CQld  end  of  the  other  piece  of  metal.     Coneequently 


1 


enffen  the  greatest  diminiition.  The  heat  accamaktad  at  one  end  of  the 
pieee  of  metal  endearotirs  to  diffii«e  itself  aniformlr  through  the  whole 
metallic  circuit,  hat  can  onl^  do  so  gradually  at  a  whole;  it9  two  elemeatd^ 
the  two  electricities,  would  flow  rapidly  round  the  circutt  Siooe  now  the 
eonducting  power  ia  different  on  the  opposite  aidei  of  the  Kotteit  point, 
the  heat  u  deeompoeed ;  and  in  the  caie  of  platinum,  the  podtire  eleo- 
tricitj  goes  from  the  hot  end  to  the  cold,  and  thence  into  the  ^trani>- 
meter,  while  the  negative  eleetricitj  goes  from  the  hot  piece  of  metil  (which 
from  that  caoee  hae  le^  power  of  conducting  posiilre  electricity)  into  the 
galranometer;  eo  that  the  two  electricitiea  recomhine  and  form  heat  in 
the  colder  part  of  the  metallic  circuit.  With  antimony,  in  which  the 
conducting  power  is  greatest  for  positive  electricity,  the  direction  of  the 
current  ii  the  revefse  of  that  jost  described.  This  action  continuee  till, 
hy  the  paasage  of  heat  into  the  cold  end^  the  rate  of  decreaae  of  the  heat 
heeomee  the  eame  on  both  sides  of  the  hottest  point,  and  consequently, 
there  is  no  longer  any  inducement  for  the  positive  electricity  to  go  one 
way,  and  the  negative  the  other ;  for  this  reason,  no  current  is  produced 
when  a  eontinuona  metallic  arc  is  heated  at  any  point  whatever.] — 
rid,  p.  316, 

Eren  when  the  heated  end  is  separated  from  the  cold  end  hy  a  hody 
in  the  state  of  igneous  fusion,  an  electric  corrent  is  produced  in  the  same 
direction.  If  borar,  carbonate  of  soda,  carbonate  of  potaah,  chloride  ef 
potaeeium,  iodide  of  potassium,  sulphate  of  soda^  or  chloride  of  strontium 
m  the  state  of  igneous  fusion,  be  placed  between  two  platinum  wires  sepa- 
rated by  a  little  distance  from  one  another,  and  one  of  the  wiree  be  heated 
more  stronglT  than  the  other,  the  positive  electricity  will  go  from  the 
eolder  wire  through  the  galvanometer  to  the  hotter  wire.  The  current  k 
eufficiently  strong  to  decompose  io«lide  of  potassium  under  favourable 
clrcumstaDces.  If  five  platinum  wires  be  joined  together  by  four  balls  of 
fuaed  borax^  and  the  four  ends  of  the  wires  heated  always  to  the  right 
d  the  borax^  a  current  will  be  produced  sufficient  to  evolve  gas  when 
paeaed  through  dilnte  sulphuric  acid.  The  borax  and  the  other  salts 
suflTer  no  chemical  change.  Even  boracic  acid,  which  conducts  lem 
Tea*lily  than  borax^  produces  a  distinct  electric  current.  When  the 
carbonate  of  soda  is  not  perfectly  fnsed^  the  direction  of  the  current 
is  reversed.  If  the  platinum  wires  are  separated  by  glass,  the  positive 
electricity  passes  from  the  hot  platinum  through  the  galvanometer  to 
the  cold,  when  the  plate  of  glass  is  thin,  or  when  it  is  thick  and  strongly 
heated ;  but  in  the  opposite  direction  when  the  glass  is  thick  and  mode- 
rately heatt^d.  A  strongly  heated  film  of  mica  interposed  between  the 
platinum  wires  likewise  allows  a  little  positive  electricity  to  pass  from 
the  cold  wire  through  the  galvanometer  to  the  hot  wire  (Andrews). — Also 
in  fused  (but  not  reel-hot)  pbospbato  of  soda  and  ammonia,  sulphate  of 
copper  and  potash^  anhydrous  acetate  of  soda,  nitrate  of  ammonia,  borax, 
bichromate  of  potash,  acetate  of  potash,  and  nitrate  of  soda,  two  unequally 
heated  platinum  wires  produce  an  olectrrc  current,  strongest  in  the  first, 
and  weakest  fn  the  last- men tione<l  of  these  salts  fR.  Bottger,  Pojry.  50, 
SB),— it  a  hot  and  a  cold  platinum  wire  connected  with  a  galvanometer 
be  dipped  in  water,  or  if,  when  the  two  wires  are  pkoed  in  the 
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remtil,  hot  water  be  poured  on  the  one  and  cold  on  the  other,  positire 
electricity  will  pass  for  a  short  time  from  the  cold  wire  through  the  gal- 
Tan  ometer  to  the  hot  wire.  (NobOi.) 

b.   With  Two  MdaU, 

When  two  pieces  of  diflerent  inetaU  connected  with  a  galvanometer 
are  united  hy  soldering  or  by  intimate  contact,  an  electric  current  is  &et 
up,  a«  soon  ae  the  point  of  janctiou  is  brought  to  a  temperature  different 
(either  higher  or  lower)  from  tliat  of  tbe  rest  of  the  circuit  (Seebeck,) 
The  etrength  of  the  current  appears  to  be  in  direct  proportion  to  the  dif- 
ference of  temperature;  its  direction  depends  upon  the  nature  of  tho 
metals  employed.  The  metals  may  ho  arranged  in  a.  tliermo-dednc  series, 
such,  that  each  metal — ^when  connected  with  the  one  on  lis  left  hand — 
transmits  negative  electricity,  and  when  connected  with  that  on  its  right 
hand,  pofiitive  electricity,  from  ita  heated  point  to  the  galvanometer, — tho 
point  of  junction  being  supposed  to  be  heated,  and  vice  tfersa  when  it  is 
cooled.  The  strongest  current  is  produced  by  a  circuit  of  hiemuth  and 
antimony,  these  metals  standing  at  the  extremities  of  the  series. 

According  to  Yelin»  the  order  is:  Biemuth^  silver^  platinum,  copper, 
gold,  tin,  lead, — zinc,  iron,  antimony. 

According  to  Becquerel:  Bismuthj  platinum,  lead,  tin,  gold^  eilveri 
copper^ — zinc,  iron,  antimony. 

According  to  Cumniing:  Galena,  bismuth,  mercury  and  nickel,  plati- 
num, palladium,  cobalt,  silver  alloyed  with  copper  and  manganese,  tin, 
lead,  brass^  rhodium,  gold,  copper,  osmium -iridium,  Bilker, — zinc,  char- 
coal, graphite,  iron,  arsenic,  antimony. 

The  dash  separates  the  tlienno-positive  from  tho  thermo-negatire 
metals;  the  conjunction  and  is  placed  l*etween  two  metals  of  equal  thermo- 
electric power*  The  discrepancies  in  the  Matements  of  diflerent  experi- 
menters induce  the  supposition  that  the  direction  of  the  current  is  affected 
by  impurities  in  the  metals,  and  yaries  with  the  difference  of  temperature. 
That  the  latter  may  really  be  the  case,  will  appear  from  the  following. 

W'hen  iron  is  moderately  heated  in  contact  with  copper,  eilver,  gold, 
brass,  or  zinc,  positive  electricity  proceeds  from  the  iron  through  tho 
galTaiiometer  to  the  copper,  &c.,  but  when  tho  heat  is  stronger  from  the 
copper,  &c.,  to  the  iron,  (Cumming.)  The  reversal  of  the  direction  of 
tho  current  takes  place  at  a  doll  red  heat,  when  copper  and  iron  are  tho 
metals  employed.  (Becquerel.) — Zinc  and  gold  produce  at  TO"  a  feeble 
current,  which  passes  from  the  zinc  through  tlie  galvanometer  to  the  gold; 
at  150*^,  this  current  ceases;  at  180'  an  opposite  current  sets  in,  and  he- 
comea  rery  strong  at  275".  On  the  contrary,  with  7.inc  and  silver  at  a 
low  temperature,  positive  electricity  passes  from  the  silver  through  the 
galvanometer  into  tho  zinc.  This  current  attains  its  greatest  strength  at 
120',  diminishes  at  a  higher  temperature,  ceases  at  225**,  and  is  revereed 
at  still  higher  temperatures,  (Becquerel,) 

Tlie  farther  two  metala  are  separated  in  the  thenno-electric  serie«i 
and  the  higher  the  temperature  of  their  point  of  junction,  the  more  power-* 
ful  is  the  electric  current]  but  it  is  always  small  in  quantity,  and  of  very 
feeble  tension. 

[Since  bismuth  conducts  negative  electricity  better  than  positive,  and 
antimony  conduct-s  positive  electricity  better  than  negative,  it  follows,  from 
the  bypothf^is  laid  down  on  page  32) ,  that,  on  heating  the  point  of  junctiwi 
of  these  metals,  the  negative  electricity  will  pass  through  the  bismuth,  imA 
the  positive  through  the  antimony,  towards  the  colder  part  of  the  raetaUio 
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circuit.  When,  on  tlia  other  Iratid,  the  point  of  jmrction  is  made  coMer 
than  the  rest  of  the  circuit,  heat  \s  decomposed  in  tlie  wanner  part,  i^end- 
w^  netirative  electricity  through  tlie  hismuth,  and  positive  througk  the 
antimony,  towards  the  point  of  junction  ;  hence  a  reverso  current  is 
excited*  The  eflfect  produced  iu  a  circuit  of  hisniuth  and  antimoDV  is 
likewise  obtained  with  any  other  pair  of  metak,  one  of  which,  like  plati- 
num or  copper,  lias  greater  conducting  iwwer  for  positive  electncity*  the 
other»  like  zinc  or  iron,  for  negative  electricity.  In  the  case  of  twa 
metab,  both  of  which  conduct  one  kind  of  electricity — ^' ff-,  negative  elec- 
tricity— hetter  than  the  other,  it  must  he  observed  that  tfaia  power  belongs 
to  the  two  metal's  in  ditlereut  dcgreea^  e.ff.,  to  bismuth  more  than  platinum, 
and  to  platinum  more  than  copper.  In  eucb  a  case,  the  negative  electricity 
will  always  travel  through  that  metal  which  has  relatively  the  greater 
power  of  transmitting  it,  and  the  positive  electricity  througb  the  other, 
which  relatively  oilers  it  the  leaat  resistance.  The  reversal  of  the  direc- 
tion of  the  current  at  certain  temperatures  seems  to  imply,  that  the  power 
of  a  metal  to  conduct  one  kind  of  electricity  In  prefereuce  to  the  otiier 
varies  with  the  temperature.] 

By  combining  a  uuraWr  of  thermo-electric  pairs  into  a  thermo-electric 
Btttieiy^  Chain f  or  Pile,  a  powerful  thermo-electric  current  may  be  ob- 
tained:  e.  g.^  a  number  of  bara  of  bismuth  and  antimony,  or  of  platinum 
and  iron,  alternately  soldered  together,  and  heat  applied  to  the  first, 
third,  fifth,  ^'C,  points  of  junctit>n»  whilst  the  second,  fourth^  kc,  are  | 
kept  ct>hL  In  this  manner,  the  thenuo-electric  current  produces,  not  only 
dcilcctiou  of  the  uceille,  but  likewise  chemical  decompoaitiona  of  liquids 
(Btdto,  Fogg.  28,  238),  and  lieating  effects, — so  that  even  when  one  of  the 
conducting  wires  of  the  battery  is  cooled  by  immersion  in  ice,  the  point 
of  junction  of  that  wire  situated  without  the  ice  becomes  sensibly  warmed, 
(Watkins,  Phil  Mug.  X  14,  82;  also  Pogg,  46,  4^7,)— Melloni's  Themio-  \ 
mnUlplirr  or  Tkennoscope  (p.  214)  is  also  a  pile  formed  in  this  manner  of 
bars  of  bismuth  and  antimony,  and  connected  with  a  galvanometer  The 
rays  of  heut  fall  on  the  Ist,  3rd,  5th,  &c.,  points  of  junction,  whilst  the 
2ud,  4th,  ttc,  are  kept  cooh  The  smallest  diflerence  of  temperature 
between  the  two  sets  of  junctions  suffices  to  produce  deviation  of  the 
needle. 

A  thermoelectric  pile  of  bismuth  and  antimony,  which  exhibited 
no  action  on  the  magnet^  when  heated,  acipiired  this  power  permanently 
wbi^n  previously  dipped  for  a  second  in  nitric  acid  of  14  specific  gravity. 
(Dbbereinerj  Fogg.  49,  588.) 

G.  EleclricUy  hg  Frictlofi :  Common  Elect rlcitg,  1 

Solid  bodies  become  oppositely  electritied  when  rubbed  on  one  ano* 
ther,  and  to  a  certain  extent  wheti  merely  pressed  together  and  afti^r wards 
sejiarateiL  Homogeueoua  boflies  for  the  most  part  exhibit  this  result 
only  when  their  surfaces  are  in  different  states,  or  when  they  differ  in 
temperature ;  with  heterogeneoua  bodies,  the  development  of  electricity  is 
much  greater. 

When  two  parallel  faces,  natural  or  artiticial,  of  a  Tiiineral  are  pressed 
between  the  rmt^'crs,  the  mineral  frecpiently  becomes  electrical  on  these  sur- 
faces, generally  showing  positive  electricity.  Calcspar  retains  the  electricity 
thus  developed  from  three  to  eleven  days,  topax  and  fiuor-spar  several 
hours,  mica  one  or  two  hourn,  and  rock-crystal  for  a  shorter  time.  Talc 
nuist  be  insulated  iu  nrilor  to  render  it  electrical;  heavy  spar  and  gypsum 
are  not  sensibly  electriliod.  (Hauy.) — According  to  Bccnuercl,  not  a  trace    J 
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of  electricity  h  perceptible  while  bodies  afo  being  pressed  together;  it  U 
not  till  they  arc  teparatctl,  tbat  the  one  appears  positively,  the  other  nega- 
tively etectrifietl.  A  eltce  of  cork  becomes  positively  electrified  when 
pressed  against  a  slice  or  plate  of  caoutchouc,  orange-peel,  retinaephalt, 
coal,  aml>er,  zinc,  copper,  silver,  cyauite,  or  heated  double  refracting  *par, 
those  substances  at  the  aaiue  time  becoming  negative.  Oa  the  contniry, 
the  slice  of  cork  becoiiies  negative  with  all  dry  animal  eubstancce,  with 
heavy  spar,  gypsum  (which  must  he  freed  hy  drying  from  hygroscopic 
water),  fluor-spar,  and  doable  refracting  spar,  not  heated, — ^tliose  liuhstancea 
ai  the  same  time  becoming  positive.  Two  good  conductors  pret>sed  toge- 
ther exhibit,  when  separated,  no  other  electricity  than  that  developed  by 
mere  contact.  Two  similar  bodies  do  not  become  electrical  by  pressure 
unless  one  of  them  is  at  a  higher  temperature  than  the  other;  and  then 
the  hotter  body  always  becomes  neg^ative,  the  colder  positive.  The 
strength  of  the  electricity  thus  developed  depends  upon  the  nature  of  the 
bodies,  the  state  of  their  surfaces,  the  intensity  of  pressure,  and  the  rtipt- 
dity  of  separation.  Cork  produces  more  electricity  with  calcspar,  when 
the  pressure  is  exerted  on  one  of  the  faces  parallel  to  the  cleavage-planer, 
than  with  heavy  spar,  with  the  latter  more  than  with  polished  rock- 
crystab  and  with  this  more  than  with  gypyum,  or  with  tlie  polished  surface 
of  cak'spar,  and — when  pressure,  temperature,  dryness,  and  polish,  <^f  the 
cleft  surfaces  are  equal,^three  times  as  much  with  calci^par  as  wii  b  gypsum. 
The  intensity  of  the  electricity  varies  directly  aa  the  pressure, — so  that 
when  the  latter  is  doubled,  the  former  is  doubled  also.  Lastly,  if  the  two 
bodies  which  have  been  pressed  together  are  slowly  separated,  the  two 
electricities  have  time  to  reunite,  and  a  much  smaller  quantity  remains  in 
the  free  state  after  the  eeparation.  Bodies  rendered  electrical  by  pres- 
sure retain  the  electricity  for  a  longer  time,  in  proportion  as  their  insu- 
lating or  non-conducting  power  is  greater. 

Tliese  phenomena  are  ascribed  hy  Becquercl  to  the  same  cause  as  that 
which  produces  the  following  elTects,  observed  hy  himself.  When  two 
Jaminrfi  of  a  crystal  of  mica  are  suddenly  torn  asunder,  there  is  not  only 
an  appearance  of  light  produced,  but  one  lamina  becomes  positively,  the 
other  negatively  electrified:  if  again  presstnt  together  and  eubaequently 
separated,  they  again  appear  electrified.  Also,  on  the  cleavage  of  calcspar, 
floor- spai%  heavy  spar,  topaz,  talc,  and  dry  wanned  gypsum,  and  on  tear- 
ing a  plnying-card  into  its  two  sheets,  the  separated  laminae  appear  oppo- 
sitely clectriJiecL  In  topaz,  whose  cleavage  takes  jilacc  parallel  to  the 
terminal  faces  of  the  prism,  the  cleft  surfnco  belonging  to  one  end  of  the 
prism  exhibits,  sometimes  one  kind  of  electricity,  sometimes  the  other. 
When  melted  shellac  is  poured  upon  glass  and  pulled  ofl*  after  cooling, 
both  become  electrified. 

Non-erystalline  bodies,  such  as  sealing-wax  or  gloss,  exhibit  no  elec- 
tricity when  broken.  (Vtd.  Crtll  Ann,  I7«G,  1,  325.)  In  the  former 
cases,  the  separation  of  bodies  united  hy  pressure  produced  electricity;  in 
the  present  case,  it  ia  a  union  produced  by  cohesion  that  is  overcome. 
(Becquercl.) 

Ifsulpiiate  of  copper  and  potash  be  brought  into  a  state  of  red-hot 
fusion  in  a  plMtinum  crucible — connected,  by  a  ring  of  wire  on  which  it 
rests,  with  a  Bohnenberger's  electrometer — and  then  left  to  eooh  no  elec- 
tricity will  be  apparent  during  the  crystallization;  but  as  eoon  ns  the 
crystalline  mass  begins  to  contmct  with  an  audible  decrepitation,  and  falls 
to  pieces  gradually  and  spontaneously,  the  fonnation  of  each  new  hssure 
is  accompanied  by  a  development  of  electricity,  and  the  elTcct  goes  on  till 
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iJ^a  becoffiM|MdTe,  «xcep4  lead  mai  Wnotk,  wkkk  mre  j 
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On  rubbing  toj^eiber  two  metals  connected  with  the  ends  of  the  ghU 
Tftnometer,  tho  followJDg  order  is  observed,  bcj^nniDg  with  tlie  metal 
which  is  negativG  with  all  t*thers:  Bitnwuth,  Dickel,  cobalt,  |iulliidiuin, 
platinum,  lead,  tin,  gold,  silver,  copper^  zinc,  iroUj  cadmium,  antimfjnj. 
This  IB  tlie  tbenno-electric  series.  Nevertheless,  Bocriut!rel  is  of  opinion 
{wrongly  perbaps)  tbat  the  production  of  electricity  in  this  manner  can- 
not be  attributed  to  tlie  heat  developed  by  friction- ^^A  button  of  bismuth, 
antimony,  iron,  or  platinum^  rubbed  on  a  plate  of  tho  *iame  metal,  be- 
eomes  positive;  zinc  likewiMO  exhibita  this  action  in  a  slight  degree* 
Filings  or  granules  of  metal,  as  well  as  metallic  oxides  or  sulphurets,  let 
fall  on  a  plate  of  the  same  metal  jdaced  in  a  slanting  pofjition,  always 
become  negative ;  so  likewise  <loes  rough  glass  when  rubbed  upon  smooth* 
(Beoquereb) — To  this  class  of  ellccts  belongs  al.^o  tbo  electrization  of 
powders  let  fall  tliroagh  sieves  made  of  different  materials. 

Finely-divided  copper,  obtained  by  reducing  carbonate  of  copper  by 
means  of  hydrogen  gas  at  a  very  low  temperature^  becomes  strongly  elec- 
trical wlien  pressed  together. 

Perfectly  dry  oxalate  of  lime  becomes  positively  olectriEed,  in  so  high 
a  degree,  merely  by  stirring  it  with  a  rod  of  gi&ss  or  platinum  (which  at 
the  same  time  hecomes  negative),  that  the  powder  is  lifted  out  of  tho 
basin  which  contains  it.  (Faraday*  Qa,  J.  o/  Sc^  19,  338.) 

Sulphur,  wax,  tallow,  cocoa^  or  chocolate,  after  fusion,  and  calomel  after 
sublimation,  left  to  cool  in  a  glass  or  metallic  vessel,  shows  no  sign  of 
electricity  on  its  upper  surface j  bat  very  strong  electrization,  often  suffi- 
cient to  give  sparks,  on  the  surface  which  has  been  in  contact  with  tho 
Yeeseb  The  electricity  is  generally  positive;  but  with  sulphur  I  have  some- 
times found  it  to  be  negative,  whilst  the  inner  surface  of  the  vessel 
exhibits  the  opposite  electricity  in  an  ofpial  degree.  ( Vid.  CrelL  Ann, 
ITM,  2,  1 19;  1786,  1,  325;  Gilk  23,  230;  Kmtn.  Archm  i\  472.)  These 
phenomena  were  formerly  attributed  to  the  existence  of  positive  elec- 
tricity in  a  state  of  combination  in  liquids,  this  positive  electricity  Wmg 
supposed  to  be  set  free  on  the  paseoge  of  the  body  to  the  solid  state.  But 
since  tho  positive  electricity  does  not  show  itaelf  on  the  upper  surface  of 
the  solidified  mass,  but  only  where  it  is  in  contact  with  the  vessel,— and 
since,  according  to  Gay-Lussac  (Ann,  Ch'tm,  Phyi,  8,  159),  no  negative 
electricity  is  set  free  during  the  fusion  of  metals  in  glasa  vessels, — which, 
howerer,  ought  to  ensue  if  positive  electricity  were  rendered  latent  during 
the  liquefaction ,^ — it  is  better  to  suppose,  with  Gay-Lusaac,  that  tho  elec- 
tricity observed  in  this  process  proceeds  merely  from  the  friction  ocea^ 
sioned  by  the  unequal  contraction  of  the  solidifying  body  and  of  the  glass 
vessel  with  which  it  is  in  contact,  and  horn,  a  partial  sej»aration  resulting 
from  the  same  cause. 

The  following  experiments,  however,  cannot  well  be  explained  on 
such  a  supposition.  When  water  is  allowed  to  freeze  in  a  Ley  den  jar, 
the  inside  of  the  jar  becomes  slightly  positive,  the  outside  slightly  nega- 
tive; the  rapid  deposition  of  ice  in  tno  form  of  hoar-frost  produces  the 
contrary  effect,  (Grottbuss,  Ann.  Chim.  Phijs.  27,  111*) — If  agla^s  bolb 
and  a  tube  about  001  or  0  02  metre  long  attached  to  it  be  completely 
filled  with  water,  surrounded  with  cotton  moistened  with  etiier,  and 
placed  under  the  receiver  of  the  air-pump,  an  electric  spark,  visible  even 
W  day,  will  dart  out  of  the  tube  the  moment  before  the  liquid  freezes* 
(Pontus,  J,  Chim.  MeiL  9.  430.) 

The  degree  and  kind  of  electricity  which  two  bodiee  assume  on  being 
rubbed  together  rary  with  the  temperature,  the  pressure,  and  the  hygro- 
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dftHncilj  f>fte&  ftbovs  iueLf  m  ikmsi.  la  <»x?ge&  «W^  €sfiil«&e8  witli 
eeMliiwtible  bodies,  &od  in  sct<li  wkjcli  eombtiie  wit&  nlifimble  bues^  Uib 
eleeiiidtj  b  poeitire;  in  combustibie  bodies  smd  salifiable  bases  it  is 
negmtire. 

rOxjgen  contains  positire  electricity  in  a  state  of  combination, 
eoniDastible  bodies  negatire  electricitj.  When  these  ponderable  bodies 
combine,  their  opposite  electricities  also  come  together  in  the  form  of  fire; 
bat  under  certain  circumstances,  a  rerj  small  quantity  of  them  appears  to 
remain  uncombined,  so  that  a  trace  of  positire  electricitj  shows  itself  on 
the  side  of  the  oxjeen,  and  a  trace  of  negatiire  electricitj  on  the  side  of 
the  combust ibie  bodj.  This  b  also  Pouillet's  view,  as  far  as  combustions 
are  concerned.     Similarlj,  with  acids  and  salifiable  bases.] 

To  render  this  feeble  electricitj  sensible,  one  of  the  oodies  must  be 
placed  in  connection  with  the  upper  plate  oif  the  condenser  of  a  Bohnen- 
berger's  electroscope,  and  the  other  with  the  ground;  or  else  the  two 
bodies  must  be  respectivelj  connected  with  the  two  ends  of  the  galrano- 
meter. 

When  coals  are  burnt  in  the  air,  negative  electricitj  accumulates  in 
the  vessel  in  which  the  combustion  takes  place.  (Lavoisier  k  Laplace.) 
An  insulated  fctove  in  which  a  strong  coal  fire  is  burning,  becomes  negative ; 
the  electricitj  is  strongest  at  each  addition  of  fuel.  (Williams,  FhU. 
Mag.  •/.  18,  93.) 

If  a  cjlincler  of  charcoal,  burning  only  at  the  upper  end,  be  placed 
on  the  cover  of  the  condenser,  negative  electricitj  soon  accumulates  in 
the  condenser;  to  a  still  greater  degree  when  the  combustion  is  fed  with 
oxjgen  gas.  If  the  burning  cjlinder  be  connected  with  the  ground,  and 
a  metal  plate  communicating  with  the  cover  of  the  condenser  be  held 
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over  it  at  llie  digUtice  of  a  few  inclies  or  a  foot,  tlio  conJonser  will 
I>cconic?  positively  electrical,  H  tlie  cbarcoal  cylinUer  burnitif^  at  one  end 
bo  laid  liorixontalljT  or  if  it  ha-  placed  upriglit  and  made  to  liurn  at  tlie 
side  instea*i  of  on  tlie  top,  no  electricity  will  be  perceptible^  because  tbo 
Degative  electricity  of  tbe  cbarcoal  wdl  bo  neutralized  hy  the  positive 
electricity  of  the  surrounding  air,  (Pouillot.) 

When  liydrogen  gaa  isi«uing  from  a  metal  tnbc  is  eet  on  fire,  tlic  cover 
of  a  condenser  connected  with  the  tube  becomes  negative*  Jf  the  tube  be 
connected  with  the  ground  and  a  metal  plate  held  at  some  little  di.'^tance 
above  the  fliiniCj  the  plate  conveys  positive  electricity  to  the  jdate  of  the 
condenser.  When  the  hydrogen  ibsucs  from  a  glai?8  tub^,  negative  elec- 
tricity is  obtained  by  introducing  into  tlio  middle  of  the  flame  a  narrow 
coil  of  platinum  wire  connected  with  the  condenser;  but  it  the  coil  be 
wide  enough  to  surround  the  flame  without  touching  it  tn  any  part^  tlio 
electricity  will  be  positive.  A  metal  plate  held  over  the  flame  does  not 
become  electrical  when  the  gas  is  burned  from  a  glass  tube,— because  the 
glass  insulates,  and  confie«]ucntly»  the  two  electricities  neutralize  one 
another  within  the  flame.  The  flanio  of  alcohol,  ether,  oil,  tallow,  or 
wax,  exhibits  the  same  effects  as  that  of  hydrogen  gas,  (PouiUet.)  In 
the  combustion  of  alcohol  in  the  lamp  without  flame,  negative  electricity 
also  accumulates  in  the  spiral  wire,  and  positive  electricity  in  the  sar* 
rounding  air  (Becquerel.) 

Pfaii*  {Fogg,  51,  110)  regards  these  statements  as  erroneous,  and 
asserts  that  not  a  trace  of  electricity  is  apwarent  in  the  combustion  of 
hydrogen  gas,  phosphorus,  sulphur,  zinc,  alcohol,  or  ether;  only  in  the 
combustion  of  charcoal  is  there  an  indic.itiori  of  ucgativo  electricity;  but 
as  no  positive  electricity  can  be  detected  in  the  carbonic  acid  which  rises 
from  it,  he  regards  the  phenomenon  as  proceeding  from  thermo-electricity. 
A  thin  copper  tube  through  which  a  dry  mixture  of  clilorine  gas  and 
air  is  passed  becomes  negative;  the  gas  subsequoutly  transmitted  through 
a  platinum  tube  renders  it  positive. 

On  connecting  the  ends  of  the  galvanometer  with  two  iron  wires,  a  and 
hy  inserting  a  into  a  piece  of  charcoal,  then  heating  to  redness  both  the 
charcoal  with  the  end  of  the  wire  a  enclosed  in  it,  and  also  the  extremity 
of  the  wire  6,  and  connecting  the  latter  with  the  charcoal,  a  strong 
current  will  pass  from  the  wire  h  through  the  galvanometer  to  the  wire 
a\  hence,  in  this  case,  the  carbon  acls  the  part  of  oxygen  \i,e.  in  its  com- 
bination with  the  iron  of  d,  positive  electricity  is  set  free  in  it,  and 
negative  electricity  in  the  iron],   f  BecquereL) 

For  the  investigation  of  the  development  of  electricity  in  the  combi- 
nation of  two  liqnitls,  or  of  a  liquid  and  a  solid,  the  pieces  of  apparatus 
represented  in  Plate  IV  are  useful 

A  pp.  1.  A  phitinum  spoon  containing  a  liquid  is  connected  with  one 
cud  of  the  galvanometer.  With  the  other  end  is  connected  a  pair  of 
platinum  forceps^  in  which  a  iiolid  body  can  be  fastened  so  as  to  dip  into 
the  liquid. 

A  pp.  2.  Two  cups  or  beakers  a,  6,  into  which  arc  plunged  the 
platinum  terminations  of  the  galvanometer,  contain  two  diflerent  liquids 
which  are  connected  with  one  anotlier,  either  by  a  bunch  of  a.^bestus  or 
cotton  threads,  or  hy  means  of  a  si(>hon,  filled,  sometimes  w^ith  one  of  the 
liquids,  sometimes  with  a  liquid  difiereut  from  both. 

A  pp.  3.  A  beaker  glass  is  cut  in  halves  in  a  vertieal  direction,  and 
after  a  sheet  of  bibulous  paper  has  been  inserted  into  it,  bound  tiglitly 
together  again.    Into  the  two  divisions  formed  by  the  paper  partition  two 
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different  liquids  are  poured^  and  the  platiuum  ends  of  the  galvanometer 
dipped  into  tliem. 

App.  4.  The  lower  part  A  of  a  U-fube  is  stopped  up  with  cotton,  a»- 
bestus,  or  clay,  moistened  with  a  suitjible  liquid;  then  the  itrui  a  ig  filled 
with  this  same  licpjid  and  the  arm  6  with  another. 

A  pp.  5.  The  extremity  6  of  the  U-tube  being  stf^pped  with  the  finj^er^ 
the  arm  a  is  filled  wilh  the  heavier  lif|uid;  the  end  tt  h  then  cloeed,  the  end 
h  opened,  and  the  lighter  liquid  carefnlly  poured  in  at  this  end,  so  that  it 
mimy  di«po#e  itself  in  a  separate  stratum  above  the  heavier  liquid* 

App*  6.  A  hole  having  been  made  in  the  liottoin  of  a  heaker-glase, 
and  one  of  the  platinum  enda  of  the  galvanometer  cemented  into  it^  the 
two  liquids  are  carefully  iutro<lueed  into  the  glass,  one  above  the  other, 
and  the  other  platiimm  terminatioii  made  to  dip  into  the  upper  liquid* 

A  pp.  7*  A  glass  tube  a  has  its  lower  extremity  either  tied  round  with 
a  bladder  or  stopped  up  with  ehiy  nioiatenefl  with  a  liquid.  It  coutnin« 
a  liquid,  and  dip«  with  its  lower  end  into  another  liquid  containe^l  in  the 
beaker  L  Into  a  and  b  the  platiuum  enda  of  the  galvanometer  are  mado 
to  dip. 

App,  8»  Two  glass  tubes  tr,  h,  closed  at  the  bottom  with  bladder  or 
moistened  clay,  are  filletl  with  difterent  liquids;  and  made  to  dip  by  their 
lower  enrls  into  the  liquid  in  the  dish  c. 

Acids  IV ilk  Acid^\  The  platinum  spoon  (A pp.  1)  contain rng  oil  of 
vitriol,  and  the  spongy  platinum  in  the  fdrceps^  nitric  add,  positive 
electricity  gties  in  considerable  quantity  from  the  oil  of  vitriol  through  the 
galvanometer  to  the  nitric  acid.  If  the  oil  of  vitriol  be  pTGviou«ly  diluted 
with  one-half  water  a  strong  current  is  set  up  in  the  opposite  direction.  In 
the  former  case,  the  action  of  the  oil  of  vitriol  on  the  water  of  the  nitric  acid 
probably  couies  into  play.  (Becquerel)— From  oil  of  vitriol  {App,  2) 
positive  electricity  passes  in  small  quantity  through  the  galvanometer  to 
nltrio  acid.  (Do  la  Rive.) — Positive  electricity  goes  from  phosphoric  acid, 
through  the  galvanometer,  to  sulphuric,  hydrochloric,  or  nitric  acid; 
negative  from  nitric  to  hydrochloric,  hy|)onitric»  or  acetic  acid.  (Becquo- 
rei.) — Fodtive  electricity  goes  from  oil  of  vitriol,  through  the  galvanometer, 
to  concentrated  hydrochloric  acid  (A pp.  2  or  7);  on  the  contrary,  from 
concentrated  nitric  acid  to  oil  of  vitriol  (App.  2  or7)»  FFetM^r.— Positive 
electricity  goes  in  large  quantity  from  slightly  diluted  oil  of  vitriol  through 
the  galvanometer  to  nitric  acid.    (A pp.  5.)     Mohr, 

CoTicefUmted  Acids  mtk  dilntc  Acids,  From  €oncentra(c<l  sulphuric 
or  hydrociiloric  acid,  positive  electricity  goes  through  the  galvanometer  to 
the  same  aci<l3  in  a  state  of  dilution,  {App,  2  or  7.)  Wakker. — From 
concentrated  nitric  acid,  a  feeble  current  passes  throagh  the  galvanometer 
to  dilute  nitric  acid,  diminishing  in  intensity  ae  the  2  liquids  are  moved 
about  at  their  surface  of  contact.     (App.  5.)     Faradai/, 

Acids  wilh  Wafer.  From  concentrated  sulphuric  or  nitric  acid  con- 
tained in  the  spongy  platinum  in  the  forceps  (App.  1),  positive  electricity 
goes  through  the  galvanometer  to  water  in  the  platinum  spoon, — weak  at 
first,  but  continuully  becoming  stronger,  as  the  water  by  taking  up  acid 
becomes  a  better  conductor, — then  gradually  diminishing  in  force,  till  the 
liquids  liave  become  completely  mixed,  when  it  stops.  With  hydrochloric 
acid  anil  water,  the  current  takes  the  opposite  direclion;  so  likewise  with 
boracic,  oxalic,  and  citric  acid,  which  are  fixed  in  the  forceps  in  the  solid 
state.  (Becquerel.) — With  sulphuric  acid  and  water  or  ice,  positive  elec- 
tricity passes  from  the  water  through  the  galvanometer  to  the  acid. 
(Nobili,) 
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Acids  mth  Salts.  Poeitivo  electricity  ^oes  from  phosplionc  acsid, 
JfcfoUjB^h  the  jEralvaiiometer,  to  Bolutions  of  all  salts;  from  nitric  acid  to 
Wutions  of  sulphates,  I'hkiridc'i*^  and  nitrates  (B€w<|iiercl}; — from  nitric 
acid  to  eoiution  of  nitre.  (H,  Davy), — Positive  eloctricity  goes  from 
eulphuric  acid,  through  tlio  galvanometer,  to  the  sulphates  of  potash, 
copper,  and  red  oxide  of  mercury;  from  hydrochloric  acid  to  chloride  of 
potassium^  sodium,  bariimi,  or  calcium,  and  from  nitric  acid  to  nitre: 
alwaya  therefore  from  the  acid  through  the  galvanometer  to  the  salta  of 
the  eaDie  aeid ;  positive  electricity  alao  goes  from  hydrochloric  acid 
through  the  gftlvanometer  to  sulphate  of  m agnosia  or  nitre.  (Nobili.) 
•^The  current  goes  from  dilute  sulphuric  acid  through  the  galvanometer 
to  sulphate  of  zinc  or  coppierj  and  from  concentrated  nitric  acid  to  ^julphate 
or  nitnite  of  copper.  On  the  contrary,  from  chloride  of  mercury  to  oil  of 
vitriol,  from  nitrate  of  silver  to  acetic  acid,  and  from  chloride  of  gold  to 
hydrochloric  acid.   (App,  2  or  7.)      Wakker. 

Adds  tmth  Salifiable  Bases.  Positive  etectricity  goes  from  dilute 
sulphuric,  hydrochloric,  or  nitric  acid,  contained  in  the  phitinnm  spoon, 

iApp.  1)  through  the  galvanometer^  to  moistened  hydrate  of  potash  in  the 
breepe.  Similarly,  from  dilute  acids  to  atjueous  Holution  of  potasih  (App, 
2,  with  osbeatus.)  Becquerel. — Walcker  also  obtained  a  strong  current 
from  the  acid  (but  probably  through  (ho  galvanometer?)  to  the  potash, 
Fara<lay,  on  the  other  handt  obtained  no  current  with  dilute  sulphuric 
acid  and  aqueous  solution  of  potash  {App,  3);  Mohr  also  obtainetl  with 
dilute  sulphuric  or  hydrochloric  acid,  on  the  one  shh,  and  afjneous  yidntion 
of  potash  or  ammonia  on  the  other,  either  no  current  at  all,  or  merely  a 
slight  disturbance  of  the  needle  at  the  commencement  of  the  action; 
whereas,  he  found  that  from  concentrated  or  dilute  nitric  acid,  positive 
electricity  goes  tlirough  the  galvanometer  to  the  potash. 

From  sulphuric  or  nitric  acid^  positive  electricity  goes  through  the 
galvanometer  to  a^jueous  solution  of  ammonia  (Nobili);  from  dilute  sul- 
phuric acid  to  aqueous  ammonia,  soda,  or  baryta  [App.  2  or  7)  Walcker; 
from  sulphuric,  liydrochloriCi  or  nitric  acid,  through  the  galvanometer, 
to  solid  lime;  but,  on  the  contrary,  from  limer-water  through  the  gal- 
vanometer to  the  acid.  It  also  goes  from  solid  lime  through  the  gal- 
vanometer to  aqueous  solution  of  arsenic,  oxalic,  or  tartaric  acid,  and 
from  aqueous  ammonia  to  oxalic  acid,  (Nohili.) 

If  liydrated  phosphoric  acid  be  fused  in  one  arm  of  the  U-tnbe, 
{App.  5)  and  hydrate  of  potai»h  or  oxide  of  lead  in  the  other,  positive 
electricity  goes  from  the  acid  through  the  galvanometer  to  the  bas-e  {espe- 
ciftlly  with  potash)  in  sufficient  quantity  to  produce  a  slight  decomposition 
of  iodide  of  potassium,  (Dulk  &  Moser,  Pof/c^.  42,  iU.) — From  nitric 
acid,  positive  electricity  goes  through  the  galvanometer  to  oxide  of  lead, 
(Furaday.) 

SfilU  with  Water',  When  sulphate  of  soda  or  chloride  of  barium  is 
dissolved  in  water,  a  feeble  positive  current  goes  from  the  water  through 
the  galvanometer  to  the  salt,  (BecqucreL)  From  a  solution  of  nitrate  of 
eilver  in  12  times  its  weight  of  water  positive  electricity  goes  through  the 
galvanometer  tci  pure  water.     (Feehner.) 

Concentrated  ivith  dilufr  s(dine  solufions.  Positive  electricity  goes  from 
a  concentrated  Molutiou  of  common  salt  or  nitre,  through  the  galvanometer, 
to  a  dilute  solution  of  the  same,  (App.  2,)  Beopterel;  also  from  dilute  to 
concentrated  solution  of  liver  of  sulphur,  through  the  galvanometer* 
rParaday.) — If  two  platinum  spatulas,  one  cold  and  the  other  red-hot,  be 
aipped  into  the  same  solution  of  1  part  of  common  salt  in  10  parts  of 
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waterj  posUivo  electricity  will  pass  from  tlio  latter,  iLmugli  the  gal  van  o 
meter,  to  the  former;  because  u  concentmted  solution  is  fontiecl  on  the 
suHaco  of  the  hitter  by  evaporation  of  the  water*  Willi  a  spatula  heated 
only  to  60%  tlie  direetion  of  the  current  is  the  reverse  of  that  jii^t  men- 
tioned  [po.ssibly  from  thermo-electric  action].  A  current  like  the  last  is 
proilucett  in  aolutious  of  Glauber's  salt  of  all  strcug^the,  with  a  platinum 
spatula  heated  either  to  60^^  or  to  redness.     (Waleker.) 

tSaUs  and  MetalHc  Chhridf^  with.  Salts  and  Metallic  CIdoridet,  With 
aqueous  solutions  of  the  following  mibetances  {App.  2)  positive  electricity 
goes  from  tlio  lirst-nientionecl,  through  tlie  galvanometer,  to  the  last-men- 
lioaed:  From  chloride  of  potassiuni  or  chloride  of  mercury  to  ferrocyanide 
ef  potassium;  from  concentrated  solution  of  sulphate  of  alumina  to  sulphate 
of  potash;  from  chloride  of  zinc  to  common  salt;  from  perehloride  of  iron 
to  chloride  of  potassium;  from  nitrate  of  copper  or  nitrate  of  silver  to  ni- 
trate of  potash;  from  chloride  of  gold  to  chloride  of  potassium,  sodium,  or 
zinc,  or  perehloride  of  iron;  and  from  chloride  of  platinum  to  chIori<le  of 
ammonium,  potassiuni,  or  sodium.  (Waleker.) — From  nitrate  of  copjier, 
positive  electricity  goes  in  con-«^iderable  rmantity  through  the  galvano- 
meter to  sulphate  of  zinc.  (Berzelius.) — Chlorido  of  lead,  protoeliloride  of 
mercury,  or  chloride  of  silver,  fused  in  one  arm  of  the  U-tul>e  {App,  5) 
sends  a  small  quantity  of  positive  eiectricity  through  the  galvanometer  to 
chloride  of  potassium  fused  in  the  other  arm.     (Dulk  &  Mosor.) 

Saiifiahle  bases  untk  Water.  From  hydrate  of  potash  or  soda,  05  also 
from  aqueous  solution  of  potash  or  soda,  positive  electricity  goes  through 
tlic  galvanometer  to  water.  (Becquerel^  who  formerly  obtained  the  con- 
trary result;  Feckner.);  also,  from  aqueous  solution  of  potash  to  water,  and 
from  concentrated  to  dilute  solutions  of  ammoniaj  potash,  or  soda. 
(Wak'ker)     [This  seems  more  in  accordance  with  the  hypothesis.] 

Saiifi<tble  bases  with  Salts,  From  solution  of  nitre,  a  small  quantity  of 
positive  electricity  goes  through  the  galvanometer  to  solution  of  polajsh 
(H.  Davy),  and  from  solution  of  chloride  of  barium,  through  the  galva- 
nometer, to  ammonia.     (Walcker.) 

Salifiable  bases  mth  saN^fiahle  Bases.  Hydi^te  of  alumina,  oxide  of  zinc, 
or  oxide  of  lend  freshly  precipitated  by  potjish,  held  in  the  forceps  {App. 
1)  and  dipped  into  the  liquid  in  the  spoon,  sends  pos^itive  electricity 
through  the  galvanometer  to  solution  of  ammonia,  potash,  or  soda,  and 
thus  acts  the  jmii  of  a  dilute  acid.  (Becquerel.)— From  fused  oxide  of 
antiniouy  {not  from  oxide  of  bismuth),  positive  electricity  goes  through 
the  gnlvanometer  to  fused  oxide  of  lead.     {App,  5;  Dulk  Sc  Moser.) 

Metals  with  Mttah.  On  dipping  zinc,  tin,  or  lead  into  mercury,  posi- 
tive electricity  goes  from  the  mercury,  through  the  gjilvanometer^  to  the 
other  metal,  in  consequence  of  the  combination  of  the  njctals.  (Dulk  & 
Moser,  Po<7<;.  42,  9L) — On  dipping  the  platinum  ends  of  the  galvanometer 
into  the  two  arms  of  the  U-tubc  tilled  with  melted  tin,  allowing  the  tin 
to  cool,  and  then  henting  only  one  arm,  a  thenno-elcctric  current  becomes 
manifest;  but  this  current  does  not  increase  when  the  ar-m  of  the  tube  is 
heated  to  the  temperature  at  which  the  platinum  cumbiues  with  the  tin, 
producing  a  kind  of  combustion.     (Faraday.) 

Sir  11.  Davy  lays  down  the  following  series  of  liquids,  each  of  which 
sends  positive  electricity  through  the  galvanometer  to  those  which  follow 
it:  Nitric,  hyponitric,  sulphuric,  and  pho.sphorJc  acid,  vegetable  acids, 
hydrocyanic  acid,  hydrosulphurio  acitl,  jiota.-fi,  soda,  buryta,  ammonia. 

Experiments  tvitk  three  liquids.  For  these  experijuents,  App.  2  is  ap- 
plicable, when  the  bundle  of  asbcstus  threads  contains  a  bquid  dillcrent 
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from  iboso  in  the  two  vessels;  anil  J  pp.  9,  when  the  thre<5  vessels  tiad  the 
siphaii  or  threads  are  filled  with  diti'erent  Ikjuids. 

If  a  (A pp.  d)  coBtflius  nitric  acid,  c  soda,  and  b  mine  acid,  c  l>eiug 
connected  with  6  by  a  siphon  filled  with  nitre,  and  a  with  6  b j  a  bundle 
of  a«l>estns,  poeitivo  electricity  goes  from  a  through  the  galvanometer  to 
b,  and  is  more  than  doubled  in  quantity  when  hydrate  of  Boda  ia  placed 
npon  the  asbestuij.  A  similar  result  is  obtained  when  hydrochloric  or 
sulphuric  acid  i^  used  instead  of  nitric  acid,  and  common  salt  instead  of 
nitre.  (BecqncreK)  [The  current  excited  by  the  acid  between  a  and  c, 
the  direction  of  wh it'll  is  from  a  to  the  galvanometer,  is  not  completely 
nculralizod  by  the  two  opposite  currenttj  produced  by  the  action  of  the 
acid  in  c  on  the  saline  solution  in  t,  and  of  the  latter  on  the  soda  in  c.J 

If  a  (App,  2)  contains  nitric  acid,  b  concentrated  solution  of  pota^hj 
and  tiie  cotton^wicki  A,  solution  of  Glauber  a  salt^  about  twice  as  much 
positive  electric tty  goes  from  the  acid  through  the  galvanometer  to  the 
pota.ih,  na  would  be  net  in  motion^  if  a  contained  nitric  acid,  and  b  and  h 
Glaubers  salt,  — or  a  and  A  Glauber's  salt,  and  h  potaiih.  [In  the  first  case, 
the  two  currents  produced  by  the  acid  acting  on  the  Glaubers  salt,  and  this 
on  the  alkali,  assist  each  other;  in  the  other  two,  one  only  of  these  currents 
is  produced.]  If  the  first  experiment  lasts  some  time,  and  the  threads 
A  are  not  above  threo  inches  long,  the  deflection  of  the  needle  increasciS 
snd<leDly  from  5*^  to  20^^  when  the  acid  comes  into  immediate  contact 
with  the  potash.  The  acid  and  alkali  come  mobt  quickly  into  contact  in 
the  wick  when  the  latter  contains  the  salt  which  is  produced  by  the  com- 
bination of  the  two,  €.  f/.,  nitre  in  the  case  of  nitric  acid  and  potash,  and 
Glaubers  eult  in  that  <>f  sulphuric  acid  and  soda;  if,  on  the  other  hand, 
the  wick  contains  pure  water,  the  infiltration  takes  place  very  slowly:  no 
deflection  is  produced  at  first,  but  after  about  twelve  minutes,  a  stf  ung  deflec- 
tion of  20''.  When  the  wick  is  six:  inches  long,  no  incrca^se  of  the  current 
takes  place,  even  if  it  conUina  a  saline  solution;  on  the  contrary,  the  cur- 
rent becomes  gradually  weaker;  because,  after  a  time,  no  more  chemical 
comldnation  takes  place  in  the  wick.  The  deflections  of  the  needle  pro- 
duced at  the  commencement  of  the  action  areas  follows, — it  being  observed 
that  the  first-named  substance  is  placed  in  the  vessel  a,  the  second  in  the 
wfck  A,  and  the  last  in  the  vessel  6,^and  that  in  each  case,  the  positive 
electricity  goes  from  the  first  substance,  through  the  gnlvanonieter,  to  the 
last-named :^ — With  nitric  acid,  Glaubers  salt  and  potash,  5^- — nitric  acid> 
Glauber's  salt,  Glauber's  salt,  3°;— Glaul>ers  salt,  Glauber's  salt,  potashj 
3  • — nitric  acid»  nitre,  potash,  4°;— nitric  acid,  nitre,  nitre,  2^; — nitre, 
nitre,  potash,  2"*;  a  mixture  of  2  measures  of  oil  of  vitriol  with  I  mea- 
sure of  water,  Glaubers  salt,  soda,  5  ;— tlie  same  mixture,  Glanber's 
salt,  Glauber^s  salt,  3  ; — Glauber's  salt,  Glaubers  salt,  soda,  2  ; — nu:t' 
tare  of  2  measures  of  oil  of  vitriol  and  I  water,  nitre,  soda,  12''; — the 
same  mixture,  nitre,  nitre,  5  ; — nitre,  nitre,  soda  3*^;— the  same  mixture 
of  oil  of  vitriol  and  water,  sal-ammoniac,  soda,  16^; — the  ^ame  mixture, 
Ral-amnioniac,  aal-ammoniae,  6°; — eal-ammoniac,  sal-ammoniac,  soda,  6". 
(De  la  Hive.) 

If  tiic  vessels  a,  6,  (App.  D)  are  filled  with  solution  of  nitre,  and  the 
wicks  //,  1,  saturated  with  it — the  vessel  c  containing  nitric  acid,  and  a 
piece  of  hydrate  of  potash  being  placed  upon  the  wick  i  at  x,  where  it 
dips  into  the  nitric  acid — a  current  is  set  up  from  the  nitric  acid  through 
the  gulvaiiotuettT  to  the  hydnUo  of  pota^ih^  much  stronger  than  that  which 
is  produced  by  the  use  of  aqueous  solution  of  pota&h, — because  the  former 
becomes  more  heated  by  conibiniug  with  the  nitric  acid; — and,  generally 
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■pe&king,  the  current  goes  constantly  from  the  colder  body  to  that  which 
IB  most  heated  during  the  combination:  moreover,  the  phenomenon  is 
therm o-olec trie  [t],     (Nobili.)  ^  h 

Fechncr,  proceeding  upon  tlio  contact-theory — according  to  which,  H 
metals  excite  an  electric  current,  even  in  liquids  which  do  not  art  che- 
mically upon  them — endeavoured  to  get  rid  of  the  effect  which,  according 
to  thia  view,  might  be  expected  to  ariee  from  dipping  the  platinum  tar- 
minations  of  the  galvanometer  into  two  different  li(|uids,  by  immersing 
these  platinum  terminations  in  twocups^  <i,  6,  {^'^PP'  ^^)  conlaiuing  the  same 
liquid — placing  the  two  liquids  whose  mutual  action  was  to  he  inveeti- 
gftted,  in  two  other  cups,  «,  iS^  and  connecting  the  four  cups  by  thre« 
Biphon-tube.?,  The  siphons  g^  i,  contained  the  *?ame  liquid  as  thecups  a,  6; 
the  eiplion  A  either  the  liquid  in  a  or  that  in  ^.  {By  this  arrangement,  a 
complicated  action  is  always  obtained:  not  only  ie  a  current  produced 
by  the  mutual  action  of  the  liquids  in  a  and  ft  hut  Hkewise  by  that  of 
the  liquid  in  a  upon  that  in  a,  and  of  the  liquid  in  i/  on  that  in  jS;  and 
the  direction  and  strength  of  the  current  is  the  resultant  of  the  sum  or 
ditforence  of  these  three  actions.]  The  following  are  gome  of  the  numerooa 
re«lilts  obtained  in  thia  manner: — the  liquid  in  the  cup  m.  is  always  that 
from  which  positive  electricity  passes  through  the  galvanometer  to  the  ^ 
cup  ^.  m 

Olauber^fl  salt  in  a,  b,  aulphuric  acid  in  «,  potash  in  0, — Common  ™ 
salt  in  a,  6,  potiish  in  a^  hydrochloric  acid  in  IS,— Spring  water  or  nitric 
acid  in  a,  h^  nitric  acid  in  «,  potash  in  ^.— -Nitre  in  a,  6,  potash  in  «,  gul-  h 
phtiric  acid  in  0; — ^Nitre  in  <i,  6,  sulphuric  acid  in  a,  nitric  acid  in  0.  H 

In  the  following  exfieriments  of  Fechner,  the  three  liquids, — solution  of 
pot^ish,  nitric  acid,  and  polution  of  nitre, — were  distributed  in  various 
^ays  among  the  4  cups,  and  the  following  deflections  were  obtained. 

1.  Nitre  in  a,  />,  nitric  acid  in  «,  potagh  in  $;  positive  electricity 
;oes  from  a  through  the  galvanometer  to  b^  deflecting  the  ncedJe  40  . 
The  principal  current  is  excited  by  the  action  of  the  nitric  tu^vl  on  the 

potash;  but  the  two  more  feeble  currents  produced  by  the  action  of  nitric  fl 
acid  on  nitre  and  potash  on  nitre,  take  the  direction  opposite  to  that  of  | 
the  first  and  weaken  it.] 

2.  Pota.sb  in  a,  6,  nitric  acid  in  «,  nitre  in  0;  positive  electricity 
goes  from  h  through  the  galvanometer  to  a;  deflection  33°.  [In  this 
case  also  the  principal  current  produced  by  nitric  acid  and  potash  between 
€t  and  £tf  which,  according  to  the  arrangement^  must  take  the  opposite 
direction  to  that  in  l,is  weakened  by  the  two  currents  produced  by  nitric 
acid  and  nitre,  and  by  potash  and  nitre^  in  the  same  degree  as  in  1 ; 
hence  the  deflection  is  nearly  the  sitme.] 

3.  Nitric  acid  in  a,  6,  potnsb  in  a,  nitre  in  ;3;  positive  electricity  goes 
from  a  through  the  galvanometer  to  h:  deflection  48^  [Here  again  the 
two  feebler  currents  weaken  the  principal  current^  hence  the  defection 
is  about  the  same.] 

4.  Nitric  acid  in  a,  potasli  in  6,  nitre  in  «  tmd  0;  positive  electricity 
goes  from  a  throngh  the  galvanometer  to  6,  producing  a  deflection  of 
140^,  which  lasts  much  longer  than  in  the  former  cases.  [In  this  case, 
positive  electricity  goes  from  the  nitric  acid  through  the  galvanometer  to 
the  nitre,  and  likewise  from  the  nitre  through  the  galvanometer  to  the 
potash;  the  united  action  of  these  two  feebler  currents  produces  a  devia* 
tion  greater  tlian  that  which  results  from  the  action  of  a  principal  cur- 
rent weakened  by  two  feebler  currents.] 

5.  Nitric  acid  in  a,  nitre  in  6,  potush  in  a  and  ff;  positive  electricity 


f 


I 


ELECTBICITY  BY  CHEMICAL  COMBINATION. 


335 


goes  from  a  tliTongh  the  galranometer  to  h;  deviation  164°.  [The  prin- 
cipal current  produced  by  the  aetioti  of  the  acid  on  tlte  potjish  is  opposed 
only  lij  the  feebler  etirront  resalting  from  tho  iimtual  action  of  pota&h 
and  nitre.] 

6*  Potash  in  a,  nitre  in  &,  nitric  acid  in  ct  and  0;  positive  electricity 
goes  from  6  through  the  galvanometer  to  the  potash,  producing  a  deviation 
of  168^  t^t^re  again  the  principal  cuiront  produced  by  the  action  of 
potash  and  nitric  acid  is  counteracted  only  by  the  feebler  current  re- 
Bulting  from  nitric  acid  and  nitre.] 

Bffcqu4!rers  Oxif(jeji-circuiL  A  glass  tube  {App,  11)  is  closeil  at  ila 
lower  extremity  with  clay  moiBtencd  with  a  concentratetl  solution  of 
potaah ;  the  tube  is  then  tilled  with  strong  potasb-eo lotion  and  its  lower 
part  dipped  into  a  vessel  filled  with  strong  nitric  acid.  If  now  the  pla- 
ttnnm  ends  of  the  galvanometer  be  immersed  in  the  two  liquids,  a  large 
quantity  of  oxygen  gas  will  be  developed  on  the  eurface  of  the  platinum 
in  the  potash  fit  may  b©  most  eonvonieotly  collected  by  having  t!ie  pla- 
tinum wire  which  dipe  into  the  potash  cemented  into  a  glass  tube  open 
at  tbc  bottom,  this  tube  being  afterwards  filled  with  potai^b  and  inverted), 
and  nilrrvna  acid  will  accumulate  in  the  nitric  acid,  colouring  it  first 
green  and  then  blue:  at  the  game  time,  positive  electricity  will  pass  from 
the  acid  through  the  galvanometer  to  the  potash.  The  action  continues 
for  eereral  days.  But  the  electric  current  is  v&rj  feeble  in  comparison 
with  the  oopioua  evolution  of  gas;  it  is  sufficient  indeed  to  eeparato 
copper^  when  passed  through  a  solution  of  blue  vitriol,  but  not  to  heat 
fine  platinum  wire.  (Becquerel.)  Jacobi  likewise  obtained  a  large  quan- 
tity of  oxygen  gasj  and  at  the  same  time  an  electric  current  which  de- 
composed iodide  of  potassium,  but  not  sulphate  of  copper, — Moser  & 
Bulk  {Porfg.  42,  SI)  who  obtained  a  remarkably  large  quantity  of  oxygen 
gas,  found,  contrary  to  Becquerel's  statement,  that  tho  electric  current 
thus  excited  producetl  cold  a.s  well  as  beat  in  Felticr's  apparatus.— Mo lir 
obtained  no  oxygen  gas  with  this  apparatus,  and  Pfaffuuly  a  few  bubbles 
in  several  hours.  These  negative  results,  possildy  arif^ing  from  difFe- 
rences  of  manipulation  or  in  the  materials  employeili  cannot  be  considered 
of  equal  weight  with  the  often  verified  statement  of  Beccpverel, — however 
enigmatical  it  may  appear  that  a  chemical  action  accompanied  by  so 
copious  an  evokitiou  of  oxygen  gas,  sliould  p^o^lu€e  a  current  so  feeble  in 
comparison.  It  may  perhaps  be  suspected  thut  if  tlie  chiy  lie  moi.^tened 
with  a  solution  of  common  salt  or  of  potash  cnntuining  chloride  of  potas- 
sium,— nitrous  acid  and  chlorine,  together  with  a  salt  of  nitric  acid,  may 
be  produced  by  the  action  of  tho  nitric  acid  on  tho  chloride  of  smlium  or 
potassium,^ — ^tbe  nitrous  acid  going  over  to  the  nitric  acid,  while  the 
chlorine,  taking  the  opposite  direction,  converts  the  potash  into  chloride 
of  potassium  and  oxygen  gas,  I  have  however  satisfied  myself  that,  even 
when  the  nitric  acid  and  potash  are  perfectly  free  from  cidnrine,  oxygen 
gas  (capable  of  igniting  a  glowing  dip  of  wood  and  condensing  with 
nitric  oxide  gas)  is  abundantly  developed. 

If  the  nitric  acid  in  Becquerers  apparatus  be  replaced  by  a  mixture 
of  2  parts  oil  of  vitriol  and  1  part  water,  only  a  small  quantity  of  oxygen 
gas  is  evolved  on  the  platinum  immersed  in  the  potash,  and  a  little 
hydrogen  on  the  platinum  in  the  acid, — an  electrical  cnrront  being  also 
produced  in  the  same  direction,  capable  of  decomposing,  not  only  iodide 
of  pot4Vssium,  but  also  sulphate  of  copper,  (BecquereU)  Mohr  obtained 
with  the  same  arrangement  neither  gas  nor  eleetric  current.  I  have 
also  tried  the  experiment  with  tho  same  clay  and  potash  that  were  useU 
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ill  tlie  sucucs^^fiil  ext>criment  witli  nrtric   acid,  soitietiTiios  using  conren 
tratetl  ^ulpliuricacid  aUmc,  sometimes  diluted  witli  one-half  water, — but  I 
never  obtariiod  a  traco   of  gas.     Did  Bee*jueroL*s  oil  of  vitriol  contain 
nitric  acid? 

Tbe  e^tifiteiico  of  ekctric  currents  in  the  animal  hodj/  appears  to  be 
connectetl  witli  the  development  of  electricity  in  tho  combination  of  acida 
and  alkalia-  Tlie  external  skin  is  acid,  the  mueoiie  menibmno  of  the 
alimentary  canal  (with  the  exception  of  tiie  stomach)  alkaline^  the  stomach 
h  strongly  acid,  the  liver  alkaline.  On  placing  one  platinum  termina- 
tion of  the  galvanometer  on  the  skin,  and  the  other  in  the  mouth,  positive 
electricity  goea  from  the  skin  through  tiic  galvanometer  into  the  mouth. 
If  one  end  of  the  galvanometer  toachei^  the  mucous  membrane  of  tho 
stomach  of  an  animal,  the  other  the  gall-bladder  or  the  inside  of  the  liver, 
a  deflection  of  the  needio  is  produced,  twice  as  great  as  in  the  preceding 
experiment, — continuing  after  the  death  of  the  animal,  and  only  diminish- 
ing a  little  because  the  fluids  are  no  longer  renewed.  Even  when  the 
stomach  and  liver  arc  taken  out  of  the  animal,  tho  same  action  is  pro- 
duced. Similar  currents  are  also  excited  between  stomach  and  spleen  or 
urinary  bladder,  and  betsvecn  bladder  and  intestines;  on  the  contrary,  no 
currents  are  produced  between  the  two  kidneys^  between  two  pieces  of  the 
email  intestines,  or  between  tho  liver  on  the  one  side,  and  the  pancreoB, 
spleen,  or  intestines  on  the  other.     (Donm^,  Ann.  Ckim.  Fhys.  57,  405.) 

Similar  currents  are  also  excited  in  plants.  If  one  extremity  of  tho  gal- 
vanometer be  inserted  into  the  sUilk  of  an  apple  or  pear,  the  other  into  the 
opposite  end  of  the  axis,  positive  electricity  passes  from  the  latter  through 
the  gal  vn  no  meter  to  the  stalk.  In  pea^shes  and  apricots,  the  electric 
current  takes  the  contrary  direction:  but  no  current  is  excited  when  the 
ends  of-  the  galvanometer  are  inserted  into  tho  fruit  at  right  angles  to  its 
axis.  If  a  fruit  be  cut  into  two  parts  perpendicularly  to  its  axis,  the 
juice  pressed  out  of  each  of  them,  and  placed  in  two  cups  connected  by 
a  wet  strip  of  puper  {App,  2),  an  electric  current  will  be  developed  in  the 
same  direction j  but  if  the  fruit  be  split  in  the  direction  of  il.*^  axis,  the 
liquids  expressed  from  the  two  halves  produce  no  current.  The  current 
is  therefore  due  to  the  difference  of  chemical  composition  between  the 
juice  in  the  neighbourhood  of  the  stalk,  and  that  at  the  other  end  of  the 
fruit,  although  both  are  acitl. 

L    By  DecompOBitwns^  effeclM  by  the  ageiicy  of  Heat  oy  Light. 

Bodies,  at  the  moment  of  separation  from  one  another,  ttiko  up  the  kind 
of  electricity  opposite  to  that  which  they  exhibited  during  combination. 

[According  to  what  has  already  been  said  (pp,  328..,  330),  it  must  be 
supposed  that  when  water  combines  with  acids,  negative  electricity  from 
the  water  and  po>itive  electricity  from  the  acid  combine  to  form  heat; 
anti  when  the  water  is  separated  from  the  acid  by  evaporation,  it  muat 
again  take  up  the  negative  electricity  which  it  has  lost,  while  the  acid 
mus^t  recover  its  positive  electricity.  This  is  effected  by  tho  decompo- 
sition of  part  of  the  heat  present,  tho  elements  of  wliich  are  divided 
between  the  water  and  the  acid.  It  appears,  however,  that  very  small 
quantities  of  water  and  acid  get  separated  from  one  another  without 
having  time  to  recover  their  lost  electricity*  These  small  quantities  of  fl 
separafed  aqueous  vapour  and  acid  then  decompose  other  portions  of  heat  " 
to  make  up  the  deficiency.  Thus,  tho  water  takes  negative  electricity, 
and  sets  positive  electricity  free,  while  the  acid  takes  up  positive  elec- 
tricity; so  that  frco  negative  electricity  may  be  detected  in  tlie  vesseb 
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In  tbo  eepiiration  of  water  from  alkalis,  on  the  contrary,  we  mJglit  expect 
tLat  tlie  positive  electricity,  wbicL  the  water  liaJ  lost  hy  its  previous 
combination  with  the  alkali^  would  bo  fi^ain  taken  up  iy  the  aqueous 
vapour,  ami  that  the  alkali  wouM  again  take  up  negative  electricity,  bo 
tliat  positive  electricity  would  he  set  freo  iu  the  vessel:  this,  iiowever,  is 
at  variance  with  the  statements  of  Bcc*jucrel  and  Feclmer  {p.  332).  It  13 
remarkable  that  all  ealts,  even  tlio^o  wliich  are  very  alkalioe,  like  car- 
bonate of  potash,  beliave  in  this  respect  like  acids]. 

No  electricity  ia  developed  in  the  evaporation  of  pure  water,  not 
even  wlicn  it  ia  tlropt  into  a  red-hot  platinum  crucible  in  which  Leiden- 
frost's  phenomenon  is  produced,  followed  by  rapid  boiling,  (Becquerclj 
Schweigger,  ^'cA?r.  44,  171;  Pouillet;  Peltier).*— Similarly,  with  the  most 
highly  concentrated  sulphuric  or  nitric  acid  and  glacial  acetic  acid. — 
When  the  water  contains  potaisli,  soda,  baryta,  strontia^  or  Jinie  in  solu- 
tion, the  vesacl  constantly  becomes  positive,  feebly  during  the  conti- 
nuance of  Leidenfrost'a  phenomenon,  strongly  during  the  subsequent 
boiling.  With  solution  of  ammonia,  the  vessel  becomes  negative,  because 
in  this  case  it  is  principally  the  ammonia  wlucb  evaporates,  while  the 
water  remains, —  If  the  water  contains  only  y^^f  sulphuric  acid,  glacial 
acetic  acid,  or  any  other  acid,  or  any  carbonate,  sulphate,  chloride,  nitrate, 
or  acetate,  the  vessel  becomes  negative.  Hence,  the  electricity  of  the 
atmosphere  may  in  great  part  be  attributed  to  the  evaporation  of  sea- 
water,  and  other  kinds  of  water  not  quite  pure,  on  the  surface  of  tlie  earthy 
and  in  the  bodies  of  plants  aud  animals,'^- When  pure  water  evaporatefl 
in  vessels  of  iron,  copper,  or  silver  containing  copper,  the  vessel  becomes 
negative  from  commencing  oxidation,  oven  when  the  water  contains  an 
alkali  in  solution.     rPouillet-) 

Peltier  remarked  that  in  the  evaporation  of  a  Golution  of  common 
salt,  negative  electricity  waa  perceptible  only  at  the  moment  when  the 
remaining  salt  began  to  decrepitate, — ^an  effect  which  also  takes  place 
on  the  decrepitation  of  crystals  of  common  salt  thrown  into  a  red-hot 
platinum  crucible.  Hence,  according  to  Peltier,  the  electricity  does 
not  become  apparent  till  the  laat  portions  of  water  separate  from  the 
salt 

Vapour  escaping  from  boilers  often  exhibits  positive,  and  the  boiler 
negative  electricity.  If  one  band,  or  a  plate  of  metal,  or  a  bundle  of 
wires  with  numerouij  points,  bo  held  in  the  stream  of  vapour,  and  the 
other  brought  near  tlie  boiler,  a  spark  may  often  be  obtained  from  the 
latter.  The  higher  the  pressure,  the  stronger  is  the  electricity.  The 
cloud  of  steam  which  collects  under  the  roof  of  the  building  also  contains 
electricity.  If  the  boiler  bo  cleaned  from  the  incrustation,  chiefly  con- 
sisting of  gypsum,  which  lines  it,  and  fed  with  rain-water,  no  electricity 
will  ho  developed:  with  spring- water,  the  electricity  will  not  be  appa- 
rent at  first — not  in  fact  till  a  sediment  has  been  formed;  and  as  this  in- 
creases, the  development  of  electricity  will  increase  also.     (Armstrong.) 

By  experiments  made  with  a  boiler  of  gun- metal,  30  inches  long,  4 
inches  widct  heated  with  coke  in  an  insulated  furnace^  and  furniahcd  witli 
a  glass  tube  and  s^top-ccjck  to  regulate  the  esciipe  of  the  vapour,  the  fol- 
lowing results  were  obtained.  When  the  vapour  is  allowed  to  escape 
with  the  safety-valve  open,  that  is  to  say,  at  the  ordinary  atmospheric 
pressure,  no  electricity  is  apparent;  but  at  1  lb.  pressure  per  ►square  inch, 
the  electricity  begins  to  show  itself.  At  3  lb.  pressure,  the  b^iiler  gives  a 
spark  after  the  steam  has  been  escaping  for  a  minute.  At  15  lb.  pres- 
sure,— if  the  stop-cock  be  so  turned  that  the  quantity  of  vapour  escaping 
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in  a  given  time  shall  remain  tbo  flame, — ^the  quantity  of  electricity  be- 
comes double;  at   501b,   pressure,  treble;  at  120  lb.   qniwlriiple,  and  at 
2r)Q  lb.  (juintiiple  of  what  it  was  at  3  lb.  pressure.     At  100  lb.  pressure,  & 
Leydcn  jar,  tbo  knob  of  whieb  is  held  in  the  jet  of  Tfiponr^  while  it»  outer  j 
coating  is  connected  with  the  boiler  or  fiimaee,  becomes  cbarsed  in  twO^ 
minates; — the  apparatus  may  therefore  be  used  as  an  electrical  machin9«l 
The  vapour  ie  generally  positive,  the  boiler  negative.     These  con':titioni 
are  seklom  reversed;  and  even  whea  they  are,  the  electricity  first  becomes 
apparent  at  a  pressure  of  1  lb.,  and  increases,  as  the  pressure  rises  to  30  lb. 
in  the  same  ratio  as  in  the  former  ease;  but  at  a  still  hi^^dier  pressure,  the 
boiler  exhibits  negative  electricity  during  the  first  few  minutes  of  the 
escaiHj  of  the  vapour,  and  positive  afterwards.     When  an  almost  cmpt3f  I 
boiler  is  heated  till  all  the  watef  is  converted  into  vapour,  the  boiler  alsol 
becomes  e  lee  trilled,  on  the  escape  of  the  vapour,  and  its  electricity  'M 
negative.     From  this  it  would  uppcar  that  the  development  of  electricity" 
is  due,  not  so  much  to  the  formation  of  the  vapour,  as  to  its  precipitation 
by  the  cold  air  (or  to  its  expansion,  GmJ), — The  oftener  the  boiler  ia 
used,  the  more  does  it  become  inclined  to  assume  a  positive  charge;  so 
that  at  last  the  vapour  almost  always  exhibits  negative  electricity.     In 
this  case,  the  inside  of  the  boiler  is  not  fonnd  to  bo  oxidated  in  tbts 
glightest  degree,  and  its  tendency  to  become  positive  is  not  destroyed  by 
washing  it  ont,     Bnt  if  a  very  small  qnantity  of  potash  or  soda  be  added 
to  the  water  in  the  boiler  (lime  does  not  act  so  strongly),  the  vaponr  ouco 
more  becomes  so  strongly  positive  [md,  Ponillet'a  experiment^?,  p  337] 
that  it  will  give  tbirty  sparks,  half  an  inch  long,  in  a  minute.     Avery 
small  qnantity  of  nitric  acid  or  sulphate  of  copper  makes  the  vapour  ne- 
gative.    Hydro^cliloric  acid,  sulphuric  acid — either  alone  or  mixed  with 
iron  filings — and  common  salt,  produce  no  e fleet. 

IT  Faraday  has  shown  that  electricity  is  never  excited  by  the  passage 
of  pure  steam,  and  is  manifested  only  when  water  is  likewise  present. 
Hence  be  concludes  that  the  effect  is  altogether  duo  to  the  friction  of  the 
globules  against  the  sides  of  the  opening,  or  against  the  sabstauces  opposed 
to  its  passage,  as  the  water  is  mpidly  moved  onwards  by  the  current  of 
steam,  Accordinglv,  it  mus  found  to  be  increased  in  quantity  by  increas- 
ing the  pressure  and  impoHing  force  of  the  steam.  The  immediate  cfiect 
of  this  friction  w^ as,  in  all  cases,  to  render  tlio  steam  positive,  and  tbo 
flolids,  whatever  they  might  be,  negative.  In  certain  circumjstances,  how- 
ever, as  when  a  wire  is  placed  in  the  current  of  steam  at  some  distance 
from  the  orifice,  the  solid  exhibits  the  positive  electricity  acquired  by  the 
steam,  of  which  it  is  then  merely  the  recipient  and  conductor.  In  likiJ 
manner,  the  reaultjs  may  be  greatly  modilied  by  tbo  shape,  nature, 
and  tcmpemture,  of  the  passages  through  which  the  steam  is  forced. 
Heat,  by  preventing  the  condensation  of  the  steam  into  water,  likewii^o 
prevents  tlie  evolution  of  electricity^  which,  however,  speedily  appears  on 
cooling  the  passages,  so  as  to  restore  the  water  w^hich  is  necessary  for  the 
production  of  that  effect.  The  phenomenon  of  the  evolution  of  electricity 
in  these  circumstances  is  depemlcnt  also  on  the  qualiff/  of  the  fluid 
in  motion,  more  especially  in  relation  to  its  conducting  power.  Water 
will  not  excite  electricity,  unless  it  be  pure:  the  addition  of  any  soluble 
salt  or  acid,  even  in  nnnuto  quantity,  is  sufficiont  to  destroy  this  pro- 
perty. The  adilition  of  oil  of  turpcDtiue,  on  the  contrary,  occasions  the 
development  of  electricity  of  the  opposite  kind  to  that  which  is  excited 
by  water;  bocauae  each  particle  of  the  water  becomes  covercil  with  a 
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thin  film  of  oil, — m  that  the  friction  takes  place  only  between  that  external 
ilhxi  aiirl  the  solids  along  wlinse  surface  the  globofes  of  liquid  are  car- 
ried. A  similar  but  more  permanent  eflect  is  proJaced  by  the  presenco 
of  olive- oil,  which  is  not,  like  oil  of  turpentine,  sahject  to  rapid  dissipa- 
tion. (E^rperimentcd  MesearcheSj  Scries  18;  abstr.  Phil,  Mag  J,  22,  4B6, 
— See  also  Armstrong,  Phil,  Mag*  J.  22,  1.)  U 

Pfaff  fonnd  {Pogg,  53,  313)  that  the  vapour  iBsning^  from  a  PapinV 
digester  was  positive,  and  the  digester  itself  negative — even  when  the 
water  eoatained  potash,  carbonate  of  potash,  snlphurie  acid,  or  common 
ealt^ — theetrengtli  of  the  charge  increasing  with  the  tension  of  the  vapour; 
he  abo  obtained  more  electricity  on  holdinsr  the  metal  plate  in  the 
raponr  at  some  inches  distance  from  the  tube,  than  when  he  held  it 
closer, — Williams  {PkiL  Mag,  J,  18,  93)  aUo  found  the  boiler  negative. 

When  air  is  compressed  in  a  metallic  vessel  to  eight  times  ita  ordinary 
density,  the  vessel  generally  becomes  negative  when  the  stop-cock  is  opened, 
and  gives  sparks  a  quarter  of  an  inch  long,  whilst  the  air  which  escapes 
shows  positive  electricity.  More  electricity  is  obtained  when  the  vessel  is 
cold  and  damp,  than  when  it  is  wann  and  dry.  A  perfectly  <lry  vessel  ceases 
to  show  srgna  of  electricity  even  when  moderately  heated,  a  damp  one 
not  till  it  is  heated  strongly;  but  in  the  cold,  dampness  does  not  seem  to 
increase  the  electricity-  (Armstrong.)  [Since  the  experiment  was  mado 
with  air  not  perfectly  dry,  it  is  possible  that  water  may  have  been  de- 
posited daring  its  compression,  and  after  combining  with  imparities  in 
the  vessel^  may  have  been  again  converted  into  ^*apour  on  the  escape  of  the 
air.  A  repetition  of  these  experiments  with  dry  air  is  therefore  desirable, 
in  order  to  ascertain  whether  the  electricity  proceeds  from  chemical  or 
mechanical  causes,] 

If  a  mixture  of  water  and  peroxide  of  hydrogen  he  placed  in  a  pla- 
tinum spoon  connected  with  tlie  galvanometer  {App,  1),  and  a  jiieco  of 
spongy  platinum,  gold,  or  silver,  or  even  finely-divideil  ignoble  meiale, 
also  connected  with  the  galvanometer,  be  dipped  into  the  liquid, — oxygon 
gas  will  ?>e  evolved  from  the  peroxide  of  hydrogen »  and  positive  electricity 
will  pass  from  the  spooui  through  the  galvanometer,  to  the  spongy  metal. 
If,  on  the  contrary,  oxide  of  silver  or  hydrate  of  potash,  wrapped  up  in 
moist  paper  and  held  in  the  forceps,  be  dipped  into  the  liquid,  an  opposite 
current  will  bo  produced.  (Becquerel.)  [In  the  first  case,  oxygen  gas  is 
evolved  on  the  surface  of  the  spongy  metal, — in  the  second,  on  the  platinum 
spoon, — and  rcndei-s  it  negative  by  removing  its  positive  electricity.  The 
water  which  has  lost  its  oxygen  takes  np  negative  electricity,  and  sets 
positive  electricity  free.] 

Since,  in  the  combination  of  carbon  with  oxygen,  the  former  exhibits 
negative,  the  latter  positive  electricity  (p,  329), — it  is  probable  that  when 
carbonic  acid  is  decomposefl  by  plants,  under  the  influence  of  light,  into 
carbon  whfch  is  retained  by  the  plants^  and  oxygen  which  is  set  free,  the 
plants  will  exhibit  positive  electricity.  When  seeds  are  suffered  to  ger- 
minate in  mould  contained  in  twelve  isolated  pans,  and  the  mould  in  all  the 
pans  is  connected  by  a  metallic  conductor  with  the  condenj^er  of  the  electro- 
meter, no  electricity  is  perceptible  during  the  first  two  days  of  germination; 
but  afterwards,  when  the  plants  are  more  advanced,  negative  electricity 
shows  itself  both  in  the  day-time  and  iit  night.  In  two  instances  only 
did  the  negative  electricity  gradually  diminish,  and  give  place  to  feeble 
positive  electricity,  which  continued  daring  the  remaining  time  of  tho 
growth.  (Pouillet)     [Can  the  slow  combustion  of  tho  vegetable  monld, 
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wtiieli  must  liave  generated  negative  c4ectHcity,  have  couiitoractctl  tbe 
regular  development  of  the  positive  electricity?! — J.  Bkke  (PhtL  Ma*j. 
J,  12,  540)  found  tliat — on  immersing  the  leaf  of  a  plant  in  water,  in  each 
a  manner  tliat  llie  stalk  project-erl  above  the  liquid,  and  connecting  ono  end 
of  the  galvanometer  with  the  wtalk,  and  tlie  other  with  the  lamina — ^poeitivo 
electricity  pjtj^sed  from  the  stalk  through  the  galvanometer  into  tbe 
lamina;  the  current  waa  stronger  in  the  light  than  in  tbe  dark,  but 
always  in  the  same  direction.     [This  accords  with  Ponillet'a  supposition.] 

C.  Combinations  accompanied  hy  Decompositions, 
a.  In  Impeyject  Oonductors, 

Ehctriciitf  in  Betmmtioru,  In  the  decomposition  of  oxalate  of  nilver 
by  heat  (whereby  it  is  resolved  with  a  hissing  noise  into  silver  and  car- 
bonic acid  gas)  a  large  i[uantity  of  electricity  is  eet  free;  not,  however, 
wlieti  the  ealt  is  covered  with  a  watch-glass.  Oxalate  of  suboxide  of  mer- 
cury»  oxabtte  of  copper  and  amnion ia»  and  fulminate  of  mercury,  show 
but  little  electricity  when  decomposed  by  beat.   (Dobereiner,  Gilh.  67, 232.) 

Fulminate  of  silver,  when  exploded  by  oil  of  vitriol  or  by  the  bnrn- 
ing-glaJ38,  charges  an  electrometer  on  which  it  is  placed,  positively.  If 
tbe  decomposition  is  effected  by  means  of  an  iiisnlateil  iron  wire  heated 
to  redness,  positive  electricity  becomes  apparent  in  a  few  instanc^s,^- 
more  frequently,  feeble  negative  electricity,  or  nona  If  the  salt  is  placed 
in  a  red-hot  platinum  spoon,  either  feeble  negative  electricity  becomes 
apparent,  or  none. — Oxrdate  of  silver  decomposed  by  red-hot  iron  yields 
positive  electricity  when  it  is  sifted  on  a  heated  platinum  spoon.  The 
spoon  shows  positive  electricity  if  it  be  strongly  ignited,  none  if  heated 
to  faint  ignition,  negative  when  still  less  heated,  and  none  when  stdl 
colder,  but  hot  enough  to  decompose  the  salt  with  a  hissing  noise.  When 
oxalate  of  silver  is  placed  under  a  watcb-glass  on  the  cap  of  the  electro- 
meter, and  exploded  by  a  buming-glassj  no  electricity  is  developed;  hut 
on  removing  the  watcn-glass,  negative  electricity  becomes  apparent.  If 
the  oxalate  rif  silver  be  exploded  on  the  electrometer  by  meaiiiiof  a  burn- 
iug-ghiss,  whilst  a  sheet  of  tinfoil  connected  with  another  electrometer  is 
held  at  a  short  distance  above  it,  the  first  electrometer  will  show  negative, 
the  second  positive  electricity.  Oxalate  of  suboxide  of  mercury  exploded 
by  a  red-hot  wire,  commnnicates  a  strong  negative  charge  to  the  electro- 
meter.— Oxalate  of  copper  and  ammonia^  gunpowder,  and  a  mixture  of 
sulphur  and  chlorate  of  potash,  give  no  electricity  when  exploded. 
(Schwcigger.) 

By  heating  certain  salt*  in  a  platinum  crucible  connected  by  a  wiro 
with  a  Bohnenberger's  electroscope,  till  they  either  explode  or  decompose 
with  a  his.siiig  noise,  and  removing  the  spiritdanip  as  soon  as  this  decora- 
position  begins,  the  following  results  are  obtained.  Oxalate  and  citrate 
of  silver  give  strong,  oxalate  of  copper  and  ammonia,  weak  negative 
electricity.  No  electricity  is  niauifestod  by  fulminating  gold,  fulminate 
of  silver,  oxalate  of  t^uboxide  of  mercury,  and  carbazotate  of  potash^,  soda, 
or  baryta.  (R,  Botlger.)  Pfaff  likewise  obtained  negative  electricity  with 
oxalate  and  citrate  of  silver, 

Bledricltt/  accmi^pani^ing  Decciviposttion  by  Simple  Affinity,  From  the 
first^named  substances  in  the  following  list,  positive  electricity  goes  through 
the  galvanometer  to  the  last-nanjod.  From  sulphuric  acid  to  nitrate  of 
baryta,  aiul  from  sulphate  of  magnesia  to  potu.sh.  (Bectjuerel.) — From 
sulphuric,  nitric,  or  hydrochloric  acid,  to  carbonate  of  lime,  potash,  or 
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0odii;  from  carl>oiiate  of  lime  to  oxalic  acid;  from  eulpliuric  or  nitric 
acid  to  chloride  of  potassium  (strong);  from  .Hiilpliuric  acid  to  cbloridc  of 
barium.  (Nobili.)^^FroTO  oil  of  vitriol  to  solutions  of  common  salt.,  acetate 
of  baryta,  or  acetate  of  lead;  from  concentrated  solution  of  siilpbate  of 
alnmiiiji  or  blue  vitriolj  to  ammonia;  from  nitrate  of  silver  to  hydrocbloric 
acid;  from  percbloride of  iron  to  concentrated  or  dilute sulpburic acid,  am- 
monia,  or  potash.  (Walcken) — For  complicated  cases  with  A  pp.  10,  vld, 
Fechner  (Fo^g.AB.  1  and  225).— In  the  decomposition  of  calomel  by  nitric 
acid,  positive  electricity  goes  from  the  acid  through  the  galvanometer  to  the 
calomel  (De  la  Rive,)'— When  carbonate  of  potfi^b  is  decomposed  by 
dilute  sulphuric  acid  in  a  metallic  vessel  standing  on  the  electrometer,  the 
inatrumeut  shows  a  negative  charge.  (Lavoisier  «k  Laplace,  Crdl,  Annin 
1788,  1,  351).     [I  have  also  obtained  negative  electricity], 

EUctricitif  in  decompositions  hy  Doubk  AffinUi/.  Positive  electricity 
goes  from  green  vitriol  through  the  galvanometer  to  ferrocyanido  of 
potassium;  from  tincture  of  galls  to  green  vitriol  (Bcc<|UercL) — -From 
alkaline  Bulphatea  to  nitrate  of  baryta.  (Nobili.)— From  chlorido  of 
barium  to  carbonate*  of  soda;  from  chloride  of  ealctum  to  i^ulphate  of 
copper;  from  pcrchloride  of  iron  to  hydrosnlphuret  of  ammonium  or 
ferrocyanido  of  pota,«sium;  from  eulphuret  of  copper  to  carbonate  of 
soda  or  ferroc3'anide  of  potassium ;  from  nitrate  of  silver  to  common  salt, 
acetate  of  potash,  or  ferrocyanide  of  pota^^siam  ;  from  chloride  of  gold  or 
platinum  to  fen-ocyanido  of  potassium.  (Walcker.) — For  complicated 
cases  with  four  vessels,  vid*  Feclmer, 

ElecirkUy  in  Fermentatiotu  If  two  horizontal  metal  plates  connected 
with  the  galvanometer  be  immersed  in  fermenting  beer- wort,  one  at  tho 
bottom  of  tho  vessel,  tho  other  near  tho  surface  of  the  liquid,  positive 
eleciricity  proceeds^  at  fir^jt— so  long  as  the  yeast  remains  at  the  bottom — 
from  the  lower  plate  through  the  galvanometer,  to  tho  upper;  afterwards 
when  the  yeast  rises  to  the  BUifaco,  the  current  takes  the  opposite  direc- 
tion. Hence  it  appears  that  negative  electricity  always  proceeds  from 
the  yeast  (on  which  the  bubbles  of  carbonic  acid  gaa  are  evolved,)—*/. 
Blake  (Phil  Mag.  J,  12,  539.) 

U.  In  the  Action  ofFerfeet  on  Imperfect  Conductors, 
Simple  Galvanic  Circuit. 
1.  Two  Metah  mid  one  Liquid. 
When  two  metals  are  placed  in  contact  with  an  imperfectly  con- 
ducting compound  liquid,  and  connected  together  at  some  point  within  or 
without  the  liquid^  either  immediately  or  by  means  of  a  good  conductor 
(a  wire), — and  moreover,  one  of  these  metals  has  the  power  of  dccompoj^ing 
the  liquid  by  appropriating  one  or  more  of  its  elcment-s,  whilst  the  other 
is  either  destitute  of  this  power  or  possesses  it  only  in  a  less  degree, — 
then  (!)♦  Decomposition  takes  place^  and  a  new  compound  is  formed  on  the 
first  metal  only;  whereas  the  second,  if  placed  alone  in  the  liquid,  would 
in  many  eases  exert  a  decomposing  action  upon  it,  and  deprive  it  of  tho 
very  elements  which  arc  actutdly  taken  from  it  by  the  iirst  metal;  (2). 
The  deconipo.sllion  goes  on  more  quickly  than  it  would,  if  the  first  metal 
were  [)liiced  alone  in  the  liquid.  (3),  Those  elements  of  the  liquid  which 
are  set  free  by  the  abstraction  of  the  others,  do  not  make  their  appearance 
at  tho  surface  of  the  first  metal,  where  the  action  takes  place*  out  at  tho 
eurfaco  of  the  second.  (4).  This  action  is  invariably  accompanied  by  a 
poworful  electric  current;  and,  when  the  fir^st  metal  takes  from  the  liquid, 
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oxygen,  chlorine,  iodiao,  sulphur,  and  tho  other  eo-caJled  eloctro-ncgaitiTe 
substances — ^and  liberates  hydrogen,  metals,  and  other  so-eallcd  clectro- 
positiFO  suUstiincos, — positive  electricity  goea  directly  from  tbo  passive  to 
tbc  active  metal,  and — if  the  current  be  supposed  to  coutiuuo  tbrou*?b  tbo 
liqaid — from  the  acting  metal  through  tbe  liquid  to  the  paadve  metal. 

[a.  The  so-called  electro-negative  bodies,  viz.  oxygen,  chlorine,  bro- 
mine, enlphur,  &c.  contain  positive  electricity  as  well  as  heat  in  tbo 
comhiued  state,  and  the  so-called  electro -po.*!itive  bodies,  as  hydrogen  and 
metals,  contain  negative  electricity  similarly  combined.  In  the  combina- 
tion of  an  electro-positivo  with  an  electro-negative  body,  the  opposite 
electricities  neutralize  one  another  more  or  less  completely  and  produce 
Ure;  in  water,  e.fj,  the  oxygen  haa  loat  ita  iMjeitive^  and  the  hydrogen  its 
nogativo  electricity  (p.  157,  158). 

h.  When  a  metal,  such  as  zinc,  comes  in  contact  with  water,  its  great 
affinity  for  oxygen  causes  the  oxygen-atoms  of  the  contiguous  atoms  of 
water  to  turn  towarfis  the  zinc,  and  the  hydrogen-atoms  the  contrary 
way.  This  arrangement  is  propagated  throughout  the  whole  mass  of  water^, 
00  that  the  hydi'ogen-atom  of  each  atom  of  water  is  turned  towards  the 
oxygen-atom  of  the  next,  (App,  12.) 

c  The  oxygen-atoms  lying  nearest  to  the  zinc  nnite  with  it  and  form 
oxide  of  zinc.  This  sets  free  the  negative  electricity  of  the  zinc.  At  the 
same  time,  the  nascent  hydrogen  has  to  recover  too  negative  electricity 
which  it  had  lost  by  combination  with  oxygen  in  the  form  of  water:  it 
therefore  takes  this  negntivo  electricity  from  the  zinc.  But  the  oxygen- 
atom  situated  between  tbo  7.inc  and  tbo  hydrogen -atom  interferes  with 
this  transference  of  electricity:  consequently,  an  extremely  small  cjuantity 
of  negative  electricity  becomes  accumulated  in  tbo  zinc,  and  a  corres- 
ponding quantity  of  positive  electricity  in  the  water;  because  that  portion 
of  the  nascent  hydrogen  which  does  not  receive  negative  electricity  from 
the  zinc  takes  it  from  the  caloric  of  the  water,  and  therefore  sets  frco 
some  of  the  positive  electricity  of  that  liquid. 

d.  When  another  metal,  copper  for  example,  is  placed  in  the  water 
near  the  zinc,  but  without  touching  it,  this  metal  likewise  attracts  tbe 
oxygen-atoms  of  the  water, — ^and  we  may  suppose  that,  since  the  atoms  of 
water  turn  their  oxygen-atoms  towarda  both  metals,  a  limit  x  will  be 
found  between  the  two  metals,  but  nearer  to  the  copper  than  to  the  zinCj 
at  which  every  two  hydrogen-atoms  come  in  contact  with  each  other. 

e.  If,  on  the  other  hand,  zinc  and  copper — or  another  metal  whoao 
affinity  for  oxygen  is  less  than  that  of  zinc — are  placed  in  metallic 
contact,  either  directly  or  by  means  of  a  wire  (e.  g,  that  of  the  galva- 
nometer), the  following  change  take*  place.  The  negative  electricity 
set  free  in  the  zinc  passes  over,  in  greater  or  less  quantity,  directly 
to  the  copper  ;^ — thence  it  attracts  the  hydrogen-atom  of  the  adjacent 
atom  of  water  in  every  series  of  atoms  of  water  situated  between  the 
zinc  and  copper, — passes  over  to  it,  and  causes  it  to  escape  in  the  form 
of  hydrogen  gas.  In  this  case,  Jill  the  oxygen-atoms  are  turned  towards 
the  zinc,  and  all  the  hydrogen -atoms  towards  the  copper,  in  consequence 
of  the  attniction  exerted  upon  them  by  tbe  negative  electricity  issuing 
from  that  metal.  It  u  immairrial  whMer  we  say  that  negative  eledticUjf 
goes  (krotttjfi  (he  nuiallk  arc  from  the  unc  to  the  copper^  or  ponHlfe  ^edfi- 
cUyfrom  the  copper  to  the  nnc, 

/  In  each  aeries  of  atoms  of  water  between  tbe  zinc  and  copper,  a 
mutual  displacement  of  tbe  oxygen -atoms  from  the  copper  towards  the 
zinc,  and  ol  the  bydrogen-atoms  from  the  zinc  towards  tho  copper,  must  bo 
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supposed  ta  take  place, — tho  water  remaining  unaltered  in  composition 
throughout  its  whole  ma^a;  whiJe  tho  fixation  of  oxygen  takes  jilaco 
only  at  tho  surface  of  the  zinc,  and  the  liberation  of  hydrogen  at  tho 
surface  of  the  copper.  Suppose^  for  the  sake  of  illuatnitionj  that  only 
iour  atoms  of  water  are  situated  in  a  row  between  the  zinc  and  copper  (tho 
actual  number,  even  with  a  emtdl  interval  between  the  metab,  would 
probalily  be  several  millions) : — then,  the  zinc  takes  up  the  oxygen-atom 
1,  and  the  hyflrogen-atom  4  escapes  at  the  surface  of  the  copper.  Next, 
the  hydrogen-atom  1  unites  with  the  oxygeu-atom  2;  and  eimilarly,  H  2 
with  0  3,  and  H  S  with  0  4, — ^and,  notwithstanding  the  {Reparation  of  tho 
two  elements  of  the  water  in  diiferent  ptaceSt  every  thing  in  the  middle 
remains  apparently  tram^uil  and  naaltere<l,  and  no  visible  current  ta 
fonued  in  the  water.  (App,  15,  a,}  Since  now  one  atom  of  water  has  *lis- 
appearcd  from  t!ie  eeries,  another  atom,  5,  ia  transferred  to  the  series  from 
the  snrronnding  water.  (-4pp.  15,  b.)  In  this  scries,  all  the  hydrogen- 
atoms  are  tunied  towards  the  zinc;  but  the  aflSnity  of  that  metal  for 
oxygen  immediately  oausea  the  atoms  of  water  to  turn  half  round,  so  that 
all  the  oxygen-atoms  may  bo  directed  towards  tho  zinc.  (App.  !.'>,  c.) 
The  zinc  then  eomhines  with  0  2,  and  H  5  is  evolved  at  the  surfe/cc  of  tho 
copper;  and  thus  the  process  ia  repeated,  &s  long  as  the  oxidation  of  tho 
Einc  goes  on.  The  hytlrogeu-atoma  move  in  semi-circles  towards  tho 
right,  lirst  upwards  and  then  downwards, — the  oxygen-atoins  towards  tho 
left  alternately  up warda  and  downwards,  till  the  mrmer  reach  the  surface 
of  the  copper  aud  there  cacaiie,  the  latter,  the  surface  of  tho  zinc  and 
combiuo  with  that  metah  This  simultaneous  transposition  of  the  two 
kinds  of  atoms  may  he  represented  by  the  lines  in  App,  10, 

^,  It  ajipeara  then  that  there  are  two  kinds  of  chemical  action  to  he 
distinguished :  the  purely-chtmical  and  the  el^ro-chmnicaL  Tho  former 
takes  place  when  zinc  is  placed  alone  in  cont^uit  with  water  (b^  c,)  r  it 
does  not  give  rise  to  an  electric  current,  because  the  negative  electricity 
paasaa  directly  from  the  zinc  to  the  hydrogen.  But  when  the  zinc  is 
connected  with  another  perfect  conductor — which  in  this  case  plays  cmly 
the  passive  part  of  transferring  tho  negative  electricity  to  the  hydrogen 
i^ify) — electro-chemical  action  is  produced,  the  electricity  passing  along 
from  the  zinc  to  the  copper — even  when  the  connecting  wire  is  of  great 
length — ^and  giving  rise  to  a  mutual  transposition  of  the  atoms. 

A,  The  cause  of  both  pure  chemical  and  electro- chemical  a43tion  is  to 
be  found  in  tho  affinity  of  zinc  for  oxygen ;  that  of  the  latter,  more  e8|)e- 
cially,  in  tho  obstacle  which  the  oxygen-atom  situated  between  the  zinc 
and  the  hydrogen-atom  opposes  to  tlie  transference  of  negative  electricity 
from  the  zinc  to  the  hydrogen.  For,  the  electricity  being  able  to  traverse 
metals  with  tho  greatest  fiicility  and  rapidity,  prefers  the  circuitous  road 
from  the  zinc  to  the  copper,  and  transposes  the  atoms  of  the  wat-er,  which 
*— since  it  possesses  the  peculiar  mobility  of  a  lirpiid,  and  since  the  new 
compounda  formed  are  equal  in  number  to  the  atoms  decomposed — appears 
to  offer  no  great  opposition  to  the  change. 

t,  This  last-mentioned  opposition  is,  however,  in  most  caseB  guffi- 
ciently  great  to  cause  a  part  of  tho  purely  chemical  action  to  go  on 
simultaneously  with  tho  electro-chemicaL  The  negative  electricity  avails 
itself  of  both  paths  to  pass  from  the  zinc  to  the  hydrogen^ — the  direct 
routo  and  that  through  tho  copper.  The  stronger  tho  purely  chemical 
action^  tho  weaker  is  the  electric  current.  Tho  electro-chemical  action, 
and  therefore  the  electric  current,  is  strengthened,  and  the  purely  chemical 
action  proportionally  weakened :  h  By  diminishing  the  distance  between 


su 


ELECTniCITY. 


tbe  copper  and  zinc  witliln  tbe  liquid, — ^because  the  diffictilty  can^d  by  tlie 
transposition  of  tbo  atoms  is  thereby  somewJiat  lessened. — 2»  By  increas- 
ing the  Burf&ce  of  copper  in  contact  with  the  liquid^ — because  the  tran«- 
fefence  of  tbe  Degativo  electricity  from  the  copper  to  the  hydrogen  of  tbe 
water  ia  thereby  facilitated. — 3.  By  facilitating  the  mechanical  removal 
of  tbe  bubbles  of  hydrogen  which  accumulate  on  the  copper  and  diminish 
its  acting  6n.rface. — 4.  By  purifying  the  xinc^  and  consequently  etjnaliring 
the  power  with  which  tbe  different  points  of  its  surface  attract  the  oxygen 
of  the  water.  For  even  if  the  zinc  contains  but  a  small  quantity  of  other 
metals  (except  mercury),  these  impurities,  in  combination  with  a  small  por- 
tion of  tbe  zinc,  form  alloys,  which,  bein^  raocbanically  difiused  through 
the  rest  of  the  metal,  and  having  less  affinity  for  oxygen  than  pure  xinc, 
produce  an  action  similar  to  that  of  copper — that  is  to  say,  while  the 
oxygen  goes  over  to  the  pure  zinc,  these  alloys  transfer  the  liberated 
negative  electricity  to  the  liydrogenj  thereby  producing  a  local  eledro^ 
chemkal  action^  by  which  the  current  from  tbe  zinc  to  the  copper  is 
weakened. — 5.  An  opposite  effect  is  produced  by  coverintr  the  surface  of 
tbo  zinc  with  mercury.  Amalgamated  zinc  exhibits  with  water  and 
dilute  acid^j  only  electro- chemical,  not  purely  chemical  action.  What  it 
is  that  hero  prevents  tbe  direct  passage  of  tbe  negative  electricity  from 
the  zinc  to  the  hydrogen  remains  yet  to  be  discovered. — 6»  Tbe  nature 
of  tbe  liquid  lias  likewise  some  innuonce.  Thus,  water  is  more  inclined 
to  electro-chemical,  nitric  acid  to  purely  chemiml  action— possibly,  Wcause 
tbe  oxygen-atom  oflers  a  more  effectual  obstacle  to  the  transference  of 
electricity  from  tbe  zine  to  the  minute  atoms  of  hydrogen,  than  to  the 
much  larger  atoms  of  nitric  oxide  evolved  from  tlie  nitric  acid, — which 
indeed,  from  their  greater  size,  must  project  beyond  the  atems  of  oxygen. 

L  Zinc  connected  with  copper  takes  up  tbe  oxygen  of  a  watery  liquid 
more  easily  and  quickly  thati  zinc  alone,— and  consequently  liberates  a 
greater  quantity  of  hydrogen  gas  in  a  given  timei  for  tbe  points  of  trans- 
lereuco  of  negative  electricity  to  hydrogen  are  multiplied,  and  the  trans- 
ference thereby  facilitated. 

L  Since,  iti  tbo  action  of  water  upon  xinc,  the  oxide,  as  it  forms,  \$ 
deposited  on  the  8urface  of  the  metal,  and  thereby  offers  a  continually 
increasing  obstacle  to  its  contact  with  the  water,  the  oxidation  proceeds 
very  slowly^  both  when  the  ziuc  i^  alone,  and  when  it  is  connected  with 
copper; — benee,  even  in  the  latter  cas:e,  the  tjuantity  of  negative  electri- 
city which  pa<=ses  over  in  a  given  time  is  but  snialL  The  presence  of  an 
acid  and  certain  other  substimfea  accelerates  the  oxidation  of  the  zinc — 
J.  l^y  the  predi^pD£?ing  affinity  of  tbo  acid  for  the  oxide  of  zinc  pro- 
duced,— and  2.  By  di.ssolving  the  oxide  and  keeping  the  surface  of  the 
zinc  clean*  By  this  ad<lition,  tbe  quantity  of  negative  electricity  which 
jmasGB  over  in  a  given  time  from  the  zinc  to  the  copper  if*  much  increased 
■ — ►in  other  words,  a  current  of  much  greater  Quantity  is  produced;  but 
tbo  Intett<<Uf/  of  the  current, — that  is  to  say,  its  velocity  and  power  of 
overcoming  the  obstacles  whieb  interfere  with  its  motion — is  not  on  that 
account  necessarily  increased:  for  tbe  intensity  depends  on  the  quantity 
of  negative  electricity  which  can  accumulate  in  zinc  unconnected  with 
copper,  before  it  acquires  a  sufdcient  force  to  overcome  tbe  obstacle  pre- 
eentCil  b^''  tbe  oxygen -atom  between  the  zinc  and  hydrogen- atom  j  and 
im.^r^  direetly  t<>  tbo  hydrogen.  It  may  likewise  be  supposed  that  the 
at<mi  of  zinc-salt  formed  when  an  acid  is  j present,  moves  onward,  together 
with  tbo  jidjacent  hydrogen-atom,  from  tbe  ziuc  towanls  the  copper  in 
the  manner  described  in/* — whilst  the  free  acid,  in  connection  with  the 
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oiygen-atomB  of  the  water,  is  transferred  from  the  eoppo!"  towards  the 
ziuc  ^ide. 

m.  Similar  actions  talce  place  wBen  zinc  and  copper  are  inimersed  in 
other  liquidg.  From  nitric  acid  zinc  takes  oxygen,  while  negative  elec- 
tricity passes  over  to  the  liberated  nitric  oxiJo  gaa.  From  sulpburet  of 
potassium,  containing  several  atoms  of  snlphurj  zino  talces  sulphur,— and 
negative  electricity  passes  over  to  the  sulplmret  of  potassium,  which  has 
thus  heoa  deprived  of  part  of  its  sulpbar;  and  so  on, 

n.  The  rest  of  the  metals  and  other  perfect  condactors  exhibit  rela- 
tions similar  to  those  of  zinc  and  copper,  at  least  when  one  of  the  two 
conducting  bodies  immersed  in  a  liquid  is  capable  of  decomposing  it* 
The  direction  of  the  current  is  always  determined  by  the  diflerence  of 
affinity  of  the  two  conductors  for  the  electro-negativo  element  of  tho 
liquid,  Negative  electricity  always  proceeds  from  the  metal,  which  by 
ite  greater  affinity  appropriates  the  electro-negative  elementj  through  tho 
connecting  wire  to  the  other  metal, — or^  what  comes  to  the  same  things 
poflitivo  electricity  goes  from  the  latter  metal  to  that  which  is  in  the  act 
of  combination,  and  possibly,  from  this  through  the  liquid  to  the  inactive 
metal.  The  quantity  of  the  electric  current  is  directly  proportional  to 
the  strength  of  tho  electro-chemical  action.  The  greater  the  quantity  of 
the  electro-negative  element  taken  up  by  the  metal,  the  greater  also  will 
be  tho  quantity  of  electricity  which  passea  over,^>rovided  always  that 
no  purely  chemical  action  take  place  at  the  same  time, — -for  tho  eflect  of 
this  would  bo  to  weaken  or  arrest  the  electric  current.  The  following 
circumstances  accelerate  the  combination  of  the  metal  with  the  electro- 
negative element  of  tho  liquid,  and  may  therefore  increase  tho  electric 
currcntr  Increase  of  affinity  and  diminution  of  cohesion  in  the  metal, — 
rise  of  temperature, — increased  facility  of  conveying  the  negative  electri- 
city from  the  electro-negative  metal  to  the  liquid,  depending  upon  clean- 
liness and  extent  of  surface. — The  tension  or  InUnsitt/  of  the  electric  cur- 
rent is  porhaps  greater  in  proportion  to  the  difference  between  the  affini- 
ties of  the  two  metals  for  tho  electro-negative  element;  the  influence  of 
the  circumstances  noticed  in  f,  1,  must  however  bo  taken  into  accnunt, 

o.  The  metal  endowed  with  tho  greater  affinity  for  the  electro-negtw- 
tive  element  of  the  liquid  may,  by  its  action,  become  covered  with  a  pro- 
duct which  may  interrupt  wholly  or  partially  the  contact  betwcoTJ  the 
liquid  and  the  metal;  in  such  a  case,  the  affinity  of  the  other  metal  may 
come  into  play,  and  give  rise  to  a  reversal  of  the  current, 

p.  Two  perfect  conductors  may  produc43  a  current,  even  without  ab- 
stracting any  element  of  tho  liquid,  provided  one  of  them  give  up  one  of 
its  own  elements  to  the  liquid  or  the  metal.  Thus,  from  peroxidi?  of  man- 
ganeiB6>  l^id,  or  silver,  immersed  in  different  liquids,  poKitive  electricity 
poMes  over  through  the  galvanometer  to  platinum  or  copf>er.  For,  when 
a  body  of  this  nature  gives  up  oxygen  to  tho  liquid,  or  transmits  it  by 
displacement  of  particles  to  the  metal,  tho  oxide,  being  more  or  less 
reduced,  recovers  its  lost  negative  electricity  by  appropriatint;  that  which 
flows  to  it  through  the  connecting  wire  from  the  platinum  or  the  copper, — 
the  metal  either  receiving  this  negatiye  electricity  from  the  liquid  which 
gives  it  up  on  combining  with  the  oxygen,  or  evolving  it  directly,  when 
it  takes  up  the  oxygen  itself.] 

Expfrintents  ttrkk  Waier>  On  placing  one  above  the  other,  brass,  zinc, 
dry  wood,  damp  wofid,  nine,  and  brass,  tho  last-mentioned  brass  imparted 
negative  electricity  to  tho  condenser  of  tho  oleotromctcr.  (De  la  Rivo.)  — 
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Ttioiame  remit  wm  obtoined  with  copper,  zinc,  four  slieeta  of  dry  p^per^ 
one  flbeet  of  damp  paper,  zIdc,  copper; — the  two  copper- plates  may  also  be 
omitted; — the  first  zinc  gave  poeitiYe,  the  second  negative  electricity  to  the 
electro  meter.  Agaiii^  when  a  bar  of  zinc  u  wrapped  round  wltfi  paper 
and  one-half  of  the  paper  wetted,  the  wet  end  Imparts  positive  electricity  to 
the  electrometer;  the  dry  end — if  a  damp  sheet  of  paper  be  laid  on  the 
oondenser  to  facilitate  the  conduction — negative  electricity,  (Fechnor.) 
[Negative  electricity  occnmnlatee  in  the  last  zinc  (p.  342,  c),  poaitive  elec- 
tricity in  the  damp  wood  or  paper;  and  thc^e  are  communicated  to  the 
electrometer,  when  it  is  brought  in  contact  with  the  2inc  or  the  moisture,] 

A  fiolution  of  1  part  of  potassium  in  100  [)art«  of  mercury  ia,  when 
placed  in  water,  strongly  poeitive  towards  platinum;  polished  lead  i«  also 
poi^itive  towards  platinum.  Poto^ium  bein^  goluble  in  water,  and  oxide 
of  lead  likewiae  soluble  tiiough  in  a  ulighter  degree,  theee  enbstaaoos 
can  produce  A  etrong  etirrent  without  the  intervention  of  ao  acid. 
(Faraday*.) 

If  a  f^trip  of  zinc  and  a  atrip  of  platinum  in  water  deprived  of  air 
give  at  the  e^jmniencemcnt  of  the  action  a  deflection  of  15",  this  deflection 
wiU  be  reduced  to  1^  when  the  circuit  has  been  closed  for  some  time;  but 
will  again  rise  to  15%  after  tlie  circuit  has  b4?en  left  open  for  24  hourt. 
Zinc  which  hsuB  become  inactive  by  immersion,  together  witli  platinum,  in 
water  free  from  air,  w  negative  towards  zinc  freshly  immersed.  In 
water  containing  air,  on  the  contrary,  a  pair  of  zinc  and  copper  gives  a 
constant  deflection  of  15^.     (Biilf.) 

Iron,  which  rusts  wlien  placed  by  itself  nndar  water^  remains  bright 
when  in  contact  with  zinc,  the  latter  alone  becoming  oxidated.  (Wetzlan) 
— The  so-called  Galvanized  Iron  is  iron  protected  %  a  coating  of  pni- 
rerized  zinc. 

Polished  lead  is  positive  towards  iron  in  pure  water,  tarnished  lead 
negative.  (Yorke.) — In  pure  water,  lead  ia  constantly,  but  very  feeblyi 
poisitive  towards  iron,- — the  iron  likewise  oxidating,  thongh  in  a  less  degree. 
In  fipring-water,  the  lead  is  positive  at  first;  but  the  iron  soon  fjecomee 
positive,  remains  so,  and  oxidates.  (Wetzlar.)  [Perhajis  a  deposit  forms 
on  the  surface  of  the  lead  (p.  345,  o).] 

Gold  and  platinum  together  produce  no  current  in  pure  water 
(Walcker,  Bec4|uerel);  neither  does  gold  or  platinum  produce  a  current 
with  magnetic  iron  ore,  specular  iron,  red  oxide  of  copjier,  or  iron  pyritee 
(Becquerel.) 

If  the  wet  and  dry  ends  of  a  piece  of  peroxide  of  manganese  be  con- 
nected with  the  galvanometer,  positive  electricity  passes  from  the  dry  end 
through  the  galvanometer  to  the  wet  end,  A  crystal  of  peroxide  of  man- 
ganese is  feebly  positive  towards  platinum  in  water,  as  shown  by  the  gal- 
vanonieter;  the  current  soon  ceases,  hut  reappears  if  the  circuit  bo  left 
open  for  not  less  than  five  minutes.  Platinum  exhibits  similar  relatioi 
with  graphite  or  anthracite;  excepting  that  the  latter  becomes  positive. 

*  Tlicac  and  most  of  the  following  experimenta  were  fto  urviged  that  the  m^tnU 
contact  with  the  liquid  were  connected  with  the  ends  of  the  gakanometf^r.  When  it 
fiaidp  in  accorflvmce  with  the  received  phrascohigy,  that  one  metal  is  posidTc  with  reg 
to  auotheri  and  the  latter  negatlTe  with  regard  to  the  former,  it  is  to  be  understood  I 
poaleire  electricity  goes  from  the  nejEn^tiTc  metal  through  the  galvanometer  to  the  poaidTel 
metal  (and,  as  ii  sometiinefl  asBumed,  from  the  poKitiro  met^l  through  the  liquid  to  \hmi 
negative  metal).  In  ehort,  the  positive  metal  is  tJial  whtcli  is  ehcmicallf  active — and,] 
hjr  Uking  up  the  electro- negative  element  of  the  liquid,  develo|>c«  negative  clectdcilgf' 
within  itself,  and  sends  it  through  the  galvanometer  to  the  inactive,  negative  mctal^ — or 
Tcoeives  positive  electricity  from  the  latter  (p-  342,  c). 
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Likewise  gold,  mugnetie  iran  ore^  epecular  iron,  red  oxide  of  coppoTj  and 
iran  pyrites,  become  positive  in  water  witli  peroxide  of  manganese  or 
graphite,  (BeetjuereL)  [With  respect  to  peroxide  of  niaiiganeee,  z^d.  p, 
345,  p, — Does  the  action  of  graphite  result  from  its  having  ahsorhed 
oxygen  from  the  air?]  Platitium  in  positive  towards  peroxide  of  lead  in 
pure  water.     (Schonoein.) 

If  platinum  be  laid  on  the  condenser  of  the  electrometer,  damp  paper 
on  the  platinum,  peroxide  of  mauganese  on  tlio  paper,  and  the  oxide  of 
manganese  touclied  with  dry  wood,  the  condenser  will  show  positive  elec- 
tricity. When  platinum  and  peroxide  of  manganese  are  connected  with 
the  galvanometer,  iKJsitivo  electricity  puJBsea  from  the  peroxide  of  manga- 
nese through  the  galvanometer  to  the  platinum.  In  pure  water,  th+?  cur- 
rent IS  very  weak, — ^but  stronger  with  irregularly  crystallized  peroxide  of 
manganese  than  with  large  single  crystala,  because  the  former  is  more 
prone  to  decomposition.  If  the  oxide  of  manganese  he  left  for  a  coo- 
eidcrable  time  in  water  by  itself,  and  then  connected  with  platinum  in 
nitric  acid,  the  current  at  first  goes  the  contrary  way^ — a  proof  that  the 
oxide  of  manganese  has  been  superficially  altered  by  the  water.  (BelaHive.) 

If  zinc  with  copper  and  water  give  an  indication  of  4'  in  l!ie  voltaic 
electrometer,  it  will  give  4|  with  silver^  4|  with  charcoab  5  with  gold, 
5^  with  black  aulphuret  of  mercury,  0  with  iron  pyritca,  6^  with  peroxide 
of  manganese,  and  Dj  witli  peroxide  of  lead,  (Roscnchold,) 

Electrical  series  of  metals  in  water,  beginning  with  the  most  highly 
electro-positive:  Zbc,  lead,  tin,  iron,  antimony,  bismuth,  copper,  sifveri 
gold.  (Fechucr.) 

Ejcj^eriments  with  Dilute  A cids,  not  inditdmrf  NUric  Add. — ^A  solti- 
tion  of  I  part  of  potassium  in  1000  parts  of  mercury  is  highly  positive 
towards  zinc,^ — Amalgam  of  zinc  is  positive  towards  zinc,  and  amalgam  of 
tin  towards  tin,  {H,  Davy.) 

Perfectly  pure  «inc  dissolves  more  slowly  in  dilute  sulphuric  acid  than 
c<)ramercial  zinc,  wluch  contains  1  per  cent,  of  iron,  together  with  cad- 
mium and  traces  of  lead  and  tin — or  than  an  alloy  of  10  i)arts  of  zinc 
with  1  fm.rt  of  tin,  lead,  iron,  or  copper, — becuufee  thciio  impurities  give  rise 
.to  loc^l  electro-chemical  action  (p.  344,  i.  4).  When  commercial  zinc  and 
pure  zinc  are  placed  in  dilute  suiphuric  acid  of  various  degrees  of  strength 
(the  annexed  per  centagea  ebow  the  quantities  of  anhydrous  feulpliuric 
acid  in  tlie  liquid),  the  times  reonired  to  furnish  a  given  quantity  of 
hydrogen  gajs  are  found  to  be  a^  follows : 

20-2       25*64      29*65        36-28      4325      €4*2    percent. 
CofbrnerGial  zmc  * .       Z  Vh  1  1*5  2  4*5 

Pare  sine ,..    108  &5  15  U  12  45 

Hence,  commercial  zinc  is  most  quickly  dissolved  by  dilute  sulphuric 
arid  containing  from  25  to  43  per  cent,  of^  real  acid, — and  pare  zinc  by 
that  which  contains  from  30  to  43  per  cent.  The  evolution  of  gas  is  very 
slow  at  firsts  but  gradually  in creaj*cs,  reaching  ita  maximum  in  10  minutee 
with  coniniercial  zinc,  and  after  several  hours  with  pure  zinc  r  with  acid 
of  64  per  cent,  however,  the  evolution  of  gas  soon  diminishes.  [Boes  this 
arise  from  the  formation  of  a  film  of  sulphate  of  zinc?]     Ds  la  Mivt. 

Alloys  of  10  parts  of  zinc,  with  1  part  of  tin,  lead,  iron,  or  copper, 
being  immersed  in  dilute  sulphuric  acid  of  various  degrees  of  strength,  a 
comparison  of  tho  times  required  for  the  evolution  of  a  given  quantity  of 
hydrogen  gas,  with  tho  corresponding  intervals  in  the  case  of  pure  and 
commercitu  dnc,  gives  the  following  results; 
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20-2 
Pure  ziiws    ....  207 
Commercial  zinc      4 
Tin-imc 24 


25-64  29-85  p.  c. 

110  30 
3  2 

12  12 


Lead-zinc  ** 
IroQ-zinc  *. 
Copper- zinc 


20'2 
,  12 
4 
5 


25*64  29*85  p.  c, 

9  10 
3  2 

6  4 


With  copper-zinc  tlio  evolution  of  gas  continually  diminisbes,  becausa 
the  alloy  becomes  covered  with  a  black  film  of  oxide  of  copper  [metallic 
copperlj ;  when  this  is  removed^  the  evolution  of  gas  again  becomea  rapid, 
— ^The  solution  of  pure  zinc  is  greatly  accelerated  by  binding  it  round 
with  platinum  wire*  (De  la  Rive.) 

When  four  balla  of  zinc  of  equal  size  are  immersed  for  an  hour  in  equal 
quantities  of  dilute  sulphuric  acid,  contained  in  four  vessels  of  equal  ^ize, 
but  difierent  matvcrials,  the  quantity  of  line  dissolved  in  the  jj^lass  vessel  is 
found  to  be  1'5,  in  the  silver  vessel  51,  in  the  gold  vessel  65,  and  in  the 
platinum  vessel  70  millegrammes.  On  being  afterwards  immersed  for  an 
hour  in  four  glass  vessels  containing  equal  quantities  of  acid  of  the  same 
strength,  the  ball  previously  immersed  in  the  other  glass  vessel  loses  1  5, 
that  from  the  silver  vessel  5,  from  the  gold  8,  and  from  the  platinum 
11  millcgramines,  ( Bouchard  at,  i4?«i.  C7im.  PAy^r.  53,  284.)  [Had  the 
balls  the  same  temperature  in  the  second  experiment?] 

Balls  of  zinc  immersed  for  the  same  time  in  dilute  sulphuric  acid, 
dilute  hydrochloric  acid,  or  solution  of  ammonia,  lose,  according  to 
Bouchardatj  the  following  quantities,  varying  with  the  nature  of  the  con- 
taining vesseh 


Glass  .. .. 
Sulphur  «. 
Blftck  lead 
Tm  .,..,, 
Lead  .. .. 
Afitimonj 
Biuuuth  .. 


Hyd.ic. 
4 

5 
10 
12 
14 

41 
45 


Sulph,  ac* 
3 
3 

12 

28 
38 
38 


Am. 


12 

15 
18 

20 


Vessels,       Hyd.oe.     Sulph.  ac.    Am. 


Silver 
Gold  .,• 
Pbtinura. 
Copper  . 
Brass  *  *  * 
Iron    .  * . 


58 
52 
55 
70 

124 


65 
100 
116 
150 
190 
130 


22 
24 
27 
40 

103 


With  balls  of  commercial  zinc,  the  loss  of  weight  in  dilute  sulphuric 
acid  in  a  quarter  of  an  hour  amounts,  in  glass  vesaela  to  B^  in  sulphur  to 
10,  in  leaa  to  010,  in  antimony  to  350,  in  bismuth  to  342,  in  silver  to 
665,  and  in  platinum  to  712.  (Bouchardat.) 

Two  zinc  jilates  of  equal  size  being  placed  in  dilute  sulphuric  acid  (1 
part  oil  of  vitriol  with  from  8  to  1 6  of  water),  and  one  of  them  connected 
with  a  plat43  of  polished  lead,  the  second  loses  much  less  weight  tlian  the 
first  (this  is  contrary  to  Bouchardat's  statement);  with  hydrocliloric  acid 
an  opposite  result  is  obtained.  (Runge,  Po^g.  43,  581*) 

To  obtain  amalgamated  zinc,  nacre ury  is  placed  upon  the  zinc,  toge- 
ther with  dilute  sulphuric  acid»  and  both  liquids  spread  upon  the  plate  by 
means  of  a  pad  of  cloth  or  linen,  the  acid  being  from  time  to  time  renewed. 
(Masfion,  Amu  Chim.  Pki/s.  00,  334.)  Or  the  bottom  of  a  capacious  dish 
being  covered  with  mercury  and  sulphuric  acid  poured  upon  it,  the  zinc 
plate  is  immersed  in  the  acid,  its  surface  touching  the  mercury, — turned 
after  two  or  three  hours,  ami  after  ward>5  taken  out.  ( Liebig,  Ann.  jPAan/i.  29, 
111.)  [This  covering  of  the  zinc  with  me rcuiy  depends  on  a  peonliar 
galvanic  action.  The  mercnry,^*which  is  in  contact  with  the  zinc  at  one 
point,  and  takes  up  the  negative  electricity  set  free  in  the  zinc, — instead 
of  giving  rise  to  a  transposition  of  atoms  in  tho  water,  attaches  itself,  in 
consequence  of  its  mobility,  to  the  zinc,  and  thus  imparts  ucgativo  elec- 
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tricity  directly  to  the  hytlrogon-atom  of  t!ie  atom  of  water  wliicb  has 
given  up  ilis  oxygen  to  tbe  zinc] 

Amalgamated  zinc  when  ah  me  is  not  attached  by  dilute  stilphnrlc 
acid;  bat  when  it  is  connected  with  phitintini  or  other  metals,  a  powerful 
action  takes  pliw;e,  tlie  hydrogen  ^8  being  wholly  evolved  on  the  surface 
of  the  platinum  J  not  upon  the  zinc.  (Faraday.)— Am  ulgam  a  ted  zinc  im- 
mersed in  dilate  sulphuric  acid  becomes  covered  after  a  time  with  gas- 
bubbles,  which  adhere  strongly  to  it^  no  loss  of  weight  \;an  be  detected  in 
the  zinc  J  even  after  foiir'and-twenty  hourii.  Tbe  adhering  hydrogen  gas  ap- 
pears then  to  protect  tbe  zinc  from  the  action  of  tbe  liquid.  When  amal- 
gamated zinc  is  connected  witb  platinum,  tbe  hydrogen  being  all  transferred 
to  the  platinum,  the  zinc  Is  dissolved.  If  the  dilute  enlpbueic  acid  con- 
tains a  little  nitric  acid  mixed  with  it,  that  acid  converts  the  hydrogen 
into  ammonia,  and  then  the  amalgamated  zinc  dissolves,  even  though  not 
connected  with  platinum,  (Daniell,  De  la  Rive.)  [But  pure  zinc  likewise 
becomes  covered  with  bubbles^  and  digaolves  nevertbeleas.]— Tbe  coating 
of  mercury  makes  the  surface  of  the  zinc  uniform,  so  that  the  alloys  pos- 
sibly contained  in  it  cannot  g!%'o  rise  to  any  local  electro-chemical  action; 
it  therefore  makes  commeTcial  zinc  like  pure  zinc,  (Grove.)  [But  pure 
zinc  dissolves,  although  the  action  goes  on  slowly, — anialganutted  zinc 
not  at  alL]  The  mercury  appears  to  prevent^  in  some  unknown  manner, 
the  direct  transference  of  negative  electricity  from  the  zinc  to  the  hydro- 
gen (p.  345,  t,  5.) 

Amalgamated  zinc  in  dilute  sulphuric  acid  is  positive  towards  the 
same  motai  unnmalgamated  (H.  Davy);  because  the  latter,  in  consequence 
of  tbe  stror^  purely  chemical  action,  is  more  quickly  surrounded  with 
saturated  sulphuric  acid  [which,  however,  should  be  soonest  removed  by 
the  rapid  d  isengagcm  e  n  t  t>f  g  as] ,     (  Farad  ay , ) 

When  two  pieces  of  amalgamated  zinc  of  the  same  size  are  immersed 
in  dilute  sulphuric  acid,  and  one  of  them  is  connected  with  copper,  the 
latter  piece  loses  32  "31  part^  for  every  1  part  of  hydrogen  evolved  at  the 
sorface  of  the  copper  (I  at,  H.  to  1  at.  Zn.),  while  the  other  piece  suf- 
fers no  diminution,     (Faraday.) 

Amalgamated  zinc  produces  with  copper  a  much  more  copious  current 
than  ordinary  zinc.     (l^>gfcendorff*) 

An  amalgamated  zinc  plate,  connected  with  copper,  and  immersed  in 
dilute  sulphuric  acid,  lo.^cs  more  weight  in  the  second  half  hour  than  in 
the  tirst,  in  the  third  more  than  in  the  second,  and  ao  on,  till  it  is  again 
amalgamated.     (Bink.s,) 

Amalgamated  zinc  in  dilute  sulphuric  acid,  in  connection  with  amal- 
gamated copper  which  dips  into  mercury,  or  only  with  amalgamated  pla- 
tinum, is  at  first  strongly  positive,— but  the  current  cease.'?  in  a  few  minutes; 
but  on  replacing  the  am al animated  zinc  by  unamalgamated  platinum,  a 
current  in  tbe  contrary  direction  is  set  up.  The  amalgamated  metal  la 
positive*  The  mercury  prohubly  combines  with  hydrogen,  and  thereby 
becomes  as  strongly  positive  as  tlie  arnalgamated  zinc,     (Grove.) 

Black  lead  or  freshly  ignited  gas-coke  placed  in  sulphuric  acid  with 
amalgamated  zinc  immediately  liberates  hydrogen  gas;  porous  coke  and 
box- wood  cbarcfuil,  on  tbe  contrary,  not  till  after  some  time,  because  they 
absorb  tbe  first  portions  of  liberated  hydrogen.  If  they  are  then  placed 
by  themselves  in  a  solution  of  lead,  copper,  mercury,  silver,  or  gold,  they 
become  covered  with  a  thin  metallic  tilm.  just  as  they  liberate  iodine  from 
iodic  acid.     Coke  retmins  hydrogen  fur  forty-eight  hours.     (Smeo.) 

Zinc  gives  witb  iron  in  dilute  sulphuric  acid  a  current  four  times  aa 
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»bandant  as  with  copper,  tho  aim  of  the  pUtea  being  tLe  same  in  botli 
cases, — so  that  a  ten-pair  biittery  of  zinc  and  iron  jielcia  in  seren  minutes 
(if  tho  polar  wires  are  made  to  dip  into  water)  as  much  detonating  e^a  as 
a  battery  of  zinc  and  copper  of  the  same  dimensions.  Bat  It  is  only  the 
qmintrty  of  the  electric  curront  that  is  greater  in  the  case  of  rinc  and  iron; 
to©  tension  is  smaller.  At  tho  first  moment  of  Immersion,  the  qnantity 
also  is  greater  with  ainc  and  copper;  btit  the  copper  soon  becomes  co- 
yered  with  a  dark  film  of  oxide  [sulpha ret  ?],  while  the  iron  remains 
clean, — and  this  film  interferes  with  the  electrical  conduction  between  the 
copper  and  tho  liquid.  When  a  pair  of  zinc  and  iron  platee,  and  a  pair  of 
zinc  and  copper,  arc  left  in  action  for  twclv^e  hours,  the  following  loss  of 
metal  is  observed;  Copper,  0;  zinc  connected  with  it,  96  grains;  iron,  0 
gnxaa;  zinc  connected  with  it^  74  grain e*  It  appears,  then,  that  a  small 
fpmDtity  of  iron  is  diesolred;  and  of  the  zinc  connect^  with  copper  nioro 
than  of  the  other  zinc, — and  yet  the  quantity  of  the  current  is  greater 
with  zinc  and  iron.  [Hence,  zinc  and  copper  produce  a  greater  amount 
of  purely  chemical  action],  (Martyn  Roberts,  Phii,  Mag,  J.  IG,  142; 
1»;  T06.) 

Zinc  and  iron  prodoeo  a  more  copious  current  than  even  zinc  and 
silver  or  zinc  and  platinum,  both  in  dilute  eulphnric  and  dilate  nitric  acid; 
and  the  plates  of  the  zinc  and  platinum  pair  must  have  a  surface  three 
times  as  great  as  that  of  tho  zinc  and  iron  to  yjehl  the  same  quantity  of 
electricity.  But  the  intetisily  of  the  current  excited  by  zinc  and  iron  is 
smaller.  If  the  quantity  of  electricity  yielded  by  zinc  and  iron  be  260, 
that  yielded  by  zinc  and  copper  is  1 00 :  when  the  plates  are  connected  by 
a  wire  50  feet  long,  tho  quantity  yielded  by  zinc  and  iron  is  33*7,  and  by 
zinc  and  copper  18.  The  resist-anco  of  tho  long  wires  diminishes,  there- 
fore, tlie  quantity  yielded  by  zinc  and  iron  from  100  to  13,  and  by  zinc 
and  copper,  from  100  to  18. — When  the  plates  are  connected  by  a  fine 
wire  2000  feet  long,  the  quantity  of  electricity  yielded  by  zinc  and  iron 
is  to  that  furnished  by  tho  zinc  and  copper  as  1000  ;  1678*  With  amal* 
^mated  iron,  zinc  yields  a  much  feebler  current  than  with  common  iron. 
(PoggondorO*.) 

Oottling  {Gilh,  28,  475)  constructed  a  powerful  pile  with  plates  of 
iron  covered  with  zinc  on  one  side^  and  moi&lened  pieces  of  cloth. 

Cadminm  is  positive  towards  iron  in  dilute  sulphuric  acid,  and  yields 
400  times  more  electricity  than  copper  with  ply  tin  urn.  Nevertheless, 
more  iron  than  cadmium  is  dissolved.  (Poggendorff.)  [This  deserved 
at  tent  ion.  J 

Tin  is  positive  with  lead  in  concentrated  aqucons  solution  of  oxalic 
or  tartiirie  a^'id,  negative  in  very  dilate  solutions.  (Feclincr.) — Tin  is 
positive  with  iron  or  copper  in  dilate  acid  (De  la  Rive);  and  a  steel  wire 
consequently  remains  bright,  and  loses  no  weighty  when  placed  in  contj^t 
with  tin  under  dilute  hydroc!iloric  acid.  {J,  Davy.) 

The  fallowing  are  the  weights  lost  by  tin  balls  of  equal  size  placed  for 
an  hour  in  very  dilute  hydrochloric  acid,  contuincd  in  vessels  of  ditferent 
materials:  in  vessels  of  glass  or  sulphur,  3;  of  lead,  12;  silver,  19;  antimony, 
34;  bismuth,  36;  copper,  70;  platinum,  8.*>;  gold,  201.     (BoucLardat) 

Polished  lead  is  positive  in  dilute  acid  towards  iron  and  copper,  tar- 
nished lead  negative.  (Yorke.)  In  dilute  hydrochloric  or  sulphuric  acid, 
iron  is,  after  tho  first  mo!ticnt,  positive  towards  lead,  (Wetzbir*)  [Wns 
the  lead  quite  clean  ?]♦ — Iron,  wheti  in  contact  with  lead,  dissolves  more 
slowly  in  dilute  sulphuric  acid  than  when  alone:  after  a  few  days,  the 
iron  bccomea  dull>  and  covered  with  sulphate  of  lead.     In  dilute  hydro- 
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clilorlc  acid,  on  the  contrary,  tli6  tolution  o£  iron  is  accelemtod  by  contact, 
with  load.     (Range,) 

In  cold  dilute  siilpburic  acidi,  tin  is  feehly  positive  towards  lead; 
slightly  negative,  when  the  acid  ia  warm.  Towards  iron,  tin  in  positive  in 
cold  acid,  often  slightly  negative  in  warm  acid.     ^Faraday.) 

Antimony  in  dilute  sulphuric  acid  is  positive  towards  biemutli. 
(Fechni^r.) 

Iron  in  dilute  acid  is  strongly  positive  towards  arsenic*    (Be  la  Bive.) 
Nickel  in  dilute  sulphuric  acid  is  positive  towards  antimony  and  bis- 
muth.    (Do  la  Rive.) 

Copper  in  dilute  acids  is  positive  towards  silver  and  platinmn;  so  also 
is  silver  towards  platinum.     (Walcker,) 

Gold  exerts  a  scarcely  perceptible  positive  reaction  towards  platinunl 
iu   diluto   sulphuric   acid.      (Ritchie.)      In    dilute   gnlphuric  acid   it   W 
positive;  iu  dilute  hydrochloric  acid,  negative*     (Walcker.)^ — In  a  niix- 
tujc  of  1  part  oil  uf  vitriol  and  100  water,  it  is  at  first  positive, — then,  after 
deveral  immersions,  neutral,  and  anbsequently  negative.     (Marinnini.) 

Palladium  gives  no  current  with  platinum  in  pure  hydrochluric  acid, 
but  hecoracH  positive  on  the  addition  of  nitric  acid.     ^Do  la  Rive.) 

Anthracite  in  dilute  sulphuric  or  hydrochloric  aciaia  negative  towards 
copper,  silver,  or  platinum.     ^Beccjuerel.) 

Platinum  is  at  first  positive  towards  graphite,  nentral  after  several 
immersions,  then  negative.  The  graphite  remains  unaltered;  hut  the 
platinum  h  rendered  positive  towards  other  platinum,  losing  this  property, 
however^  by  ignition  or  immersion  in  boiling  water.  Gold  and  silver 
exhibit  similar  relations  towards  graph tte,  but  in  a  lower  degree*  When 
platiuiiui,  gold,  or  silver  is  immersed  in  contact  with  gmphite  till  it  ceases 
to  produce  deflection  of  the  needle,  and  then, — while  still  remaining  in  tho 
acid — connected  for  a  short  time  with  zinc,  it  again  becomes  positive  to 
graphite.  Possibly,  when  these  metals  arc  placed  in  contact  with  gra- 
phite, a  portion  of  oxygen  becomes  fixed  upon  them,  and  renders  them 
more  negative;  and  when  they  are  connected  with  zinc,  this  oxygen  ia 
removed  by  the  hydrogen,  the  latter  then  accumulating  on  the  surface  of 
the  metjxl;  for  platinum  which  has  been  in  contact  with  zinc  under  dilute 
acid  is  positive  towards  platinum  which  has  not  been  so  treated.  (Ma- 
naDini.) 

Platinum  is  feebly  poaitivo  towards  pen^xide  of  manganese  in  dilute 
acid,  (De  la  Rive). 

Pairs  of  plates  of  the  same  aijse  of  different  metals  immersed  in  very 
dilute  sulphuric  acid  produce  the  following  deflections  of  the  needle  j 

Zinc  with  lead  fiO  ,  with  iron  0'3%  with  copper  8'Q\  with  gold  fi*0  v^ 
with  platinum  d'3\  —  2*in  with  copper  50,  with  t^ilver  4*0^,  with  gold  or 
platinum  10^^ — L tad  with  iron  2*0*^,  with  copper  5'3\  with  silver  4  3'', 
with  gold  r5°,  with  platinum  20^. — Iron  with  copper  30^  with  gold  or 
platinum  1*0\ — Copper  with  silver  3-3",  with  gold  or  platiuum  OS". — 
fSifvcr  with  gold  or  platinum  0'3\  The  positive  metal  in  each  case  haa 
its  name  printed  in  iltiUcs. — These  deflections  are  not  in  accordance  with 
the  theory  of  contact,*  The  smallest  deflections  are  those  obtained  with 
pairs  containing  gold  or  platinum; — it  is  true  that  platinum  does  not 
conduct  so  well  as  silver;  but  gold  conducts  better^and  yet  copper  and 
silver  give  a  stronger  deflection  than  copper  and  gold,  (Marianini.) 

Electrical  scries  of  perfect  cynductory  in  dilute  acids,— each  body  of 
the  series  being  negative  with  those  which  precede,  and  positive  with 
those  which  follow  it : 
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Accordbg^  to  Sir  H.  Davy:  Potaashuii  and  lis  amalgam,  Variuin  and 

ita  amalgam,  zinc-araalgam,  rIhc,  ammonium-amalgam,  cadmium,  tin,  iron, 
bismuth,  antimony,  lead,  copper,  silver,  palla*lium,  tellariuiD,  gold,  plati- 
num, iridium,  rhrjdiura.  Rolled  copper  is  positive  towards*  tliat  which 
contains  carbon  (overpoled);  this  towards  the  same  metal  containing 
suboxide  funderpoled);  and  thb  towards  copper  containing  tin. 

Accoroing  to  Faraday :  In  a  mlitare  of  one  measure  of  oil  of  vitriol 
with  one  measure  of  water:  Zinc,  cadmium,  tin,  lead,  iron,  nickel,  hismnth, 
antimony,  copper,  silver 

According  to  P faff:  Zinc,  cadmium,  tin,  lead,  tungsten,  iron,  bismuth, 
antimony,  copper,  silver,  gold,  tellurium^  platinum,  palladium. 

According  to  Marianini, — ^in  very  dilute  sulphuric  acid :  Zinc,  char- 
coal  immediately  after  Ijeiug  cooled  in  water  (containing  hydrogen  there- 
fore) polished  I^id,  tin,  manganese,  tarnished  lead,  iron,  magnetic  iron  ore, 
bra^,  copper,  brafie  very  much  corroded,  bismuth,  nickel,  charcoal  soon 
after  being  quenched  in  water,  bright  antimony,  tinstone,  native  sulphuret 
of  molybdenum,  bright  arsenic,  tarniahed  antimony,  silver,  mercury, 
tarnished  arsenic  and  arsenical  silver,  red  silver,  galena,  freshly  prepared 
charcoal,  copper-nickel,  copper- glance,  arsenical  cobalt,  black  tellurium, 
copper  pyrites,  platinum,  gold,  auriferous  native  tellnrium,  cubical  iron 
pyrites,  graphite,  arsenical  pyrites,  magnetic  pyrites,  amorphous  iron 
pyriiee,  peroxide  of  manganese,  charcoal  long  exposed  to  the  air. 

Experiment  with  Concenlral€d  Hydrochloric  Acid,  Zinc  gives  with 
platinum  a  current  which  is  feeble  as  long  as  the  chemical  action  contiuues 
powerful,  but  becomes  stronger  us  the  cheniieal  action  diminishes.  (Pfaff.) 

Tin  18  negative  with  lead  at  the  begimiing  of  the  action,  but  after- 
wards  becomes  permanently  ^nDsitive,  because  the  lead  actjuires  a  coating 
of  chloride  of  lead. — Nickel  is  positive  towards  antimony  and  negative  to 
bismuth.  (Faraday,) 

In  fuming  hydrochloric  acid^  bismuth  and  copper  are  positive  toward^ki 
antimony :  bismuth  is  first  positive  towards  copper,  and  afterwards  neg 
tive.  (Fechner.) 

Platinum  is  veiy  feebly  positive  towards  gold  in  concentrated  hydro- 
chloric acid.  (Walekcr,  Fechner.) 

When  copper  or  silver  is  fastened  to  anthracite  by  means  of  a  wire 
under  strong  liydrocliloric  acid,  dichloride  of  copper  in  tetrahedrons  or 
chloride  of  silver  in  transparent  octohe^lrons,  is  after  a  time  deposited  on 
the  metal  which  remains  positive— while  carburctted  [?]  hydrogen  gas  w4 
evolved  at  the  «<urface  of  the  anthracite,  (Becqiierel.) 

Platinum  is  strongly  positive  towards  peroxide  of  manganese,  chlorine 
being  evolved  and  chloride  of  mang^inese  produced. 

Electrical  series  of  metals  in  hydrochloric  acid,  according  to  Faraday: 
Zinc,  cadmium,  tin,  leadj  iron,  copper,  bismuth,  nickel,  silver,  antimony. 

Experiments  with  Oil  of  Vitriol.  In  famiug  8ul|diuric  acid,  zinc  is 
first  negative  towards  lead,  then  neutral,  then  positive.— Zinc  is  negative 
to  tin  and  remains  bo  on  moderate  dilution  of  the  acid;  whereas  freskf 
zinc  in  the  same  mixture  would  be  positive  towards  tin: — zinc  or  tin  19 
positive  towards  iron  ; — bismuth  positive  towards  zinc,  lead,  or  antimony; 
— bismuth  towards  tin,  first  positive,  then  negjitive.   ( Fecit ner.) 

A  pair  «»f  zinc  and  copper  in  oil  of  vitriol  produces  a  current  which, 
together  witli  tlio  accompany iug  development  of  g:;^^  on  the  mw,  soon 
f eases.  Breaking  the  circuit  does  not  restore  the  current:  agitation  on 
the  surface  of  the  zinc  restores  it  partially;  but  a  drop  of  water  on  the 
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fine  side  [wbicb  disaolv^es  tlio  iucrusthig  sulphate  of  zmc]  imniediatelj 
excites  a  current  and  an  evolution  of  gas,  (Rosenaclioltl.) 

Zinc  lieated  hy  itself  in  oil  of  vitriol  to  240*"  dissolves  quickly,  witli 
evolution  of  hydrogen  and  sulphurous  acid  s^ns;  brought  into  contact  with 
platiiiuin,  it  takes  three  times  as  lon^'  to  dissolve^- — and  the  gas,  which  is 
"wholly  evolved  on  the  surface  of  the  platinum,  is  nearly  pure  sulphurous 
acid,     (AndrowB.) 

Lead  in  oil  of  vitriol  remains  positive  towards  platinum  for  Qishi  dayB* 
(Pfafl:) 

Silver  in  oil  of  vitriol  is  positive,  gold  negative  towards  platinum, 
(Walcker.) — Charcoal  is  negative  towards  platinum.  (VValcker.)— Char- 
coal is  very  strongly  positive  towards  platinum  when  the  oil  of  vitriol  is 
beated  to  between  100"^  or  150",  at  which  temperature  the  charcoal  ia 
powerfully  attacked  hy  the  acid.  (De  la  Rive.) 

Expei'imcnts  wUk  Dilute  Nitric  Acid.  Zinc  is  strongly  positive 
towards  cadmium,^ Iron  and  nickel  are  permanently  positive  with 
copper,  antimony,  and  bismuth.  (Faraday.) — When  xinc  is  connected 
with  nietiilHc  lead  in  a  mixture  of  one  part  nitric  acid  of  1*3  sp.  gr,  and 
4  parts  water,  a  portion  of  lead  is  dissolved  as  well  as  zinc;  and,  if  tlio 
zlue  be  ifi  the  upper  part  of  the  liquid,  a  lead-tree  h  formed.  (Kunge.) 
[Were  the  metals  in  intimate  contact  ?]  Lead  is  positive  towards  iron 
and  copjier,  and  is  very  strongly  acted  upon  when  joined  with  them. — • 
Gold  anil  platinum  when  united  give  no  current  at  first;  but  when  they 
have  been  kept  separate  for  some  time  in  the  acid  and  are  then  united, 
the  gobl  becomes  positive.  (Becquerel.) 

Platinum  is  positive  towards  peroxide  of  Icad^  the  current  continuing 
till  all  the  peroxide  of  lead  has  disappeared.   (Schonbeiu.) 

Electrical  series  according  to  0e  la  Rive  i  Zinc,  tin,  mercury*  lead, 
iron,  peroxide  of  iron,  copper,  silver. 

According  to  Fara^Iay  (one  measure  of  concentrated  nitric  acid  with  7  of 
water):  Zinc,  cadmium,  lead,  tin,  iron,  nickel,  bismuth,  antimony,  copper, 
silver. 

Experiments  with  Ooncentmt^d  NiMc  Acid.  Many  metals  when 
immersed  in  this  acid  nndcrgo  a  change  of  state;  they  become  more 
electro-negative,  le^is  oxidable,  and  lo>5e^  either  whnlly  or  for  the  most 
part,  their  tendency  to  decompose  acids  and  metallic  oxides;  they  pass 
from  their  ordinary  active  state  into  a  jntssivt  slate.  This  waa  first  shown 
by  Keir,  with  respect  to  iron  immersed  in  solution  of  nitrate  of  silver  or 
fumiug  nitric  acid;  and  the  subject  was  followed  np  by  Herschcl,  Wetzlar, 
Faraday,  Monsoon,  Andrews,  and  particularly  by  Schonbein.  It  is  pro- 
bable that  some  of  the  facta  relating  to  this  matter  may  not  be  of  galvanic 
nature;  but  they  are  so  closely  connected  with  galvanism,  that  it  would 
not  be  convenient  to  consider  them  apart  from  that  subject. 

^inc  cannot  be  rendered  permanently  pai*sive.  So  long,  boweTer,  as 
it  is  kept  in  contact  with  platinnm  in  nitric  acid  of  IJ  sp.  gr.,  it  dissolves 
much  more  slowly  than  under  ordinary  circumstances.  (Andrews,) — In 
strong  nitric  acid,  it  ij?  powerfully  negative  towards  cadmium.  (Faraday.) 

Tin  in  the  shape  of  foil  nullorgoes  no  change  in  nitric  acid  of  1'5 
sp.  gr,,  even  when  boile^  for  10  minutes;  whereas  dilute  nitric  acid  im- 
Tuediately  converts  it  into  the  hydrated  peroxide,  the  action  beinff 
attended  with  violent  heat  and  cv*»iution  of  gas.  When  tinfoil  is  dipped 
into  acid  of  1*5  sp.  gr.,  and  then  taken  out,  oxidation  begins  after  a  few 
sccomls  at  a  single  point,  and  eprca<ls  rapidly  over  all  the  parts  that  have 
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beeD  wetted.  This  oxidation  is  not  brought  about  by  the  moisture  of 
tbo  air  or  by  the  oxygen  contained  in  it:  for  it  likewise  takes  place  in  air 
dried  by  chloride  of  calcium,  or  iu  hydrogen  gas.  Hence  the  strong  acid 
does  not  oxidiite  tin  when  it  covers  thiU  metal  in  large  quantity,  but 
readily  when  epread  over  it  iu  a  tbin  film.  (Schonbeiu.)  [But  crumpled 
tinrt>il  wetted  with  a  very  Final  I  quantity  of  nitric  acid  likewise  remains 
unattached,] 

In  nitric  acid  of  8uch  a  strength  as  uot  to  attack  iron,  but  to  act 
rapidly  upon  tin,  tbo  latter  remains  almost  passive — if,  before  immersion, 
it  be  connected,  either  immediately  or  by  the  galvanometer,  with  a  pre- 
viously immer^icd  fi*trip  of  platinum.  Positive  electricity  then  goes  from 
platinum  tbrougb  the  galvanometer  to  the  tin,  and  small  pieces  of  oxide 
separate  from  the  latter.  The  tin  thus  treated  remains  passive  even 
after  being  separated  from  the  platinum;  but  if  the  slightest  motion  be 
given  to  it,  or  if  the  part  of  the  metal  which  projects  from  the  liquid  be 
wetted  with  nitric  acid,  rapid  oxidation  eoou  begins.  (Mousson.) 

Nitric  acid  of  15  bp,  gr.  does  not  act  upon  tin,  even  when  the  metal 
ia  immerse*!  in  it  for  weeks;  acid  of  1-47  ep.  gr.  acts  violently*  But 
when  acid  of  the  last  mentioned  strength  is  contained  in  a  platinum 
vessel,  and  a  piece  of  tin  is  introduced  iuto  it  in  such  a  manner  as  to 
touch  the  platinum  before  immersion,  tbe  tin  becomes  pasflive  and  re- 
mains so  after  being  separated  from  tbe  platinum.  (Andrews.) 

Tin  in  contact  with  platinum  in  concentrated  nitric  acid  gives  merely 
a  transient  current  when  agitated.  (Faraday.)  By  immersion  in  nitnc 
acid  in  connection  Tvith  platinum,  tin  is  rendered  negative  towards  all 
metals  excepting  platinum,  (Buff.) 

Lead  is  at  first  negative  towards  copper  in  concentrated  nitric  acid, 
afterwards  positive,  (Fcchner,)  Towards  copper  it  is  negative.  (De  la 
Kivc,) 

Bimntth  immersed  in  nitric  acid  of  I' 5  sp,  gr»,  iiumcdjat^ly  becomes 
passive,  so  that  a  smuJl  piece  of  it  does  not  dissolve  c<^>nipletely  for  several 
weeks.  In  acid  of  14  i^\\  gr.  it  dissolves  rapidly  with  etrervesccncc ;  but 
on  touching  it  with  platinum,  this  action  ceases,  iind  the  metal  acquires  a 
peculiar  lustre.  If  tbe  platinum  bo  then  removed*  tlio  bismuth  some- 
times becomes  active,  sometimes  passive.  In  tbo  latter  case,  it  tirst 
becjamcs  C4>vered  with  a  dark  film,  which  subsequently  dissolves, — the 
metal  once  more  acquiring  a  bright  .*^nrface  and  dissolving  very  slowly. 
As  often  as  this  passive  bismuth,  wliile  under  the  acid,  is  touched  with 
platinum,  and  then  i^eparate*!,  tbe  black  film  ngain  appears,  but  is  suc- 
ceeded imniediately  by  tbe  former  lustre.  Witliout  tbe  aitl  »>f  i>latinum, 
also,  a  piece  of  bi>mutb  (weighing  ,t  grain)  will  often,  when  immersed  in 
nitric  acid  of  14  sp.  gr,,  begin  to  dissolve  with  eUervescence,  and  then 
suddenly  become  passive,  especially  when  the  liijuid  is  agitated*  If 
melted  bi^mutb  be  poured  into  a  ;:^|ji^  i\}\>Q  imd  tiled  through  (in  the  tube) 
after  cooling,  the  filed  suiface  Tvill  be  passive  frum  tbo  beginning  iu  acid 
of  I '4  ep.  gr.  Bismuth  also  becomes  passive  in  acid  of  1*4  sp.  gr,  w4ieu 
used  aa  tbe  positive  pole  of  a  battery  of  two  pairs  of  plates,  (Andrews,) 

Bismuth  becomes  as  completely  pa^ive  when  placed  by  itiiolf  in 
strong  fum in "f  nitric  acid  as  iu  acid  of  l-4sp.  gr,,  in  coutact  with  pla- 
tinum. It  then  proiluces  no  evolution  of  gas  ^u  acid  of  \'i  5p,  gr,,  but 
dissolves  gradually,  and  exhibits  a  positive  rcactimi  towards  platinum, 
when  connected  with  it  tli rough  the  medium  of  the  galvanometer* — In 
acid  of  1*5  sp.  gr.,  bismuth  does  not  dissolve  in  the  t-bgbtcst  degree; 
nevertheless  it  does  uot  become  passive, — for,  on  being  eubsequently  put 
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aeid  of  1  '4  sp.  gr*  it  dissolvee  as  rapidly  aa  under  ordinary  circumstaDcef. 
— The  Ijlaek  film  and  subsequent  Lriglitcniiig  o{  tlie  surface  of  bismuth  in 
aciil  of  ri  gp.  gr.  are  produce  J,  uot  only  wLeii  the  metal  ie  touched  with 
platiniimj  hut  llkewiiie  when  tho  acid  or  i\m  bismuth  is  moved  with  a 
gltniii  rod.  As  long  as  the  black  film  remains,  the  solution  of  the  bismuth 
gocj*  on  i^lowly ;  ami  ns  long  as  the  bismuth  remain8  in  contact  with  tho 
[ihitiuum,  gas  is  evolved  at  the  surface  of  the  latter  [Nitric  oxide  gaa?] 
(Schoubein). 

The  rapid  solution  of  biBmutb  in  acid  of  1*2  sp.  gr.  is  immediately 
checked  by  contact  witli  platinum;  but  the  bbmuth  still  coHtinues  to 
difeSiJoU'Cj  though  i^lowly  and  without  eflervescence ;  it  becomes  bhick,  and 
ig  poi^itive  towards  platinum.  Even  when  separated  from  the  plat  in  nm^ 
it  dissolves  but  slowly.  (Noad.) 

In  fuming  nitric  acnJ,  biBnmth  is  first  negative  towards  lead,  then 
positivci  then  pcnnauently  negative.  (Fechner.) 

Iron  may  be  rendered  passive  in  the  following  ways: 

P.  L   By  heating  it  in  the  air  till  it  becumes  coated  with  black  oxide. 

SHer^chcl,  Schonbein.)  When  one  end  of  the  ivire  is  heated  till  it  oxi- 
atci*,  the  other  end,  which  does  not  appear  to  be  altered,  is  also  rendered 
passive,  (Faraday.) 

P.  2,  IJy  diftping  it  for  a  short  time  into  fuming  nitric  acid  (Keir),  or 
nitric  acid  of  15  sp.  gr.,  or  into  a  mixture  of  nitric  add  of  1*35  «p.  gr. 
and  oil  of  vitriol  {Schonbein),  in  which  liquids  it  produces  no  evoTtl- 
tion  of  gas»  even  from  tho  begiuniiig. 

P.  3.  By  immersion  in  nitric  acid  of  sp.  gr.  I'SOD.  in  which  it  at  first 
becomes  brown  and  evolves  red  vapours,  but  afterwards  acipiires  a  bright 
nietalliG  lustre.  Sometimes  it  act|uircs  a  brown  surface  when  thus 
treated;  but  if  withdrawn  for  a  moment  from  the  acid  and  allowed  to 
fall  in  again  J^udden!yt  it  becomes  passive  in  half  a  second  and  acituircs 
the  metaliic  lustre.  With  a  somewhat  weaker  acid,  convulsive  intermis- 
biQUS  of  cfiervesccnce  and  inaction  succeed  one  another  at  interval;*  of 
half  a  second  or  less — the  cfi^ervesceQce,  and  subsequeutlj  the  tramtuil 
state,  progressing  from  one  end  of  the  wire  to  the  other.  {Herseheb) 

P,  4,  A  wire  is  dipped  into  acid  of  1  35,  which  actii  violently  on  it, 
taken  out  after  a  second,  then  put  in  again,  and  so  on.  After  from  four 
to  six  immersions  and  extractions,  it  becomes  more  passive  than  P  5. 
{Schonbein^  Buff.)— In  acid  of  1*3  sp.  gr.j  iron  may  ako  be  made  passive 
by  relocated  immert^ion  and  extnvction,  and  likewise  by  agitating  the 
liquid  for  some  time.  (Mousson.) 

P.  5.  In  a  mixture  of  one  part  nitric  acid  of  I'BOO  ap.  gr*  and  ^  part 
water,  iron,  which  acts  violently,  is  placed  in  contact  with  platinum:  ih© 
action  is  immediately  stopped  (in  weaker  acid  the  iron  does  not  lose  its 
activity).  Ilenichd. — Generally  speaking,  the  acid  acts  in  two  warn 
violeutly  or  slowly,  according  to  it^  strength.  The  violent  action  which 
takes  place  in  the  weaker  acid  is  not  interrupted  by  platinum.  (Duff.J^ 
Or  platinum  is  first  immersed  in  acid  of  1"35  sp,  gr* — then,  iron  which  has 
previously  touched  the  platinum :  no  solution  takes  place.  Likewise, 
when  a  small  piece  of  gold-leaf  ii*  fastened  to  the  end  of  the  wire,  or  a 
trace  of  platinum  precipitated  upon  it  by  nioraeutary  immersion  in  solu- 
tion of  chloride  of  pi  a  tm  urn,  the  iron  is  rendered  passive  by  subsequent 
immersion  in  acid  of  1 '35  sp.  gr.  But  condonation  with  phitinum  has 
DO  effect  in  acid  of  1  35  sp.  gr,  boated  to  75'"  [C,  ?],  or  in  mixtures  of  one 
part  acid  of  r35  sp.  gr.  and  from  1  to  1000  parts  of  water.  (Schonbein.) 
If  the  iron  be  connected  w*ith  platinum  thi'ough  the  galvanometer, — then, 
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on  immersing  the  metal  in  the  acid,  positive  electricity  goes  iibnndaiitly 
at  first,  au4  sparingly  afterwarils,  from  tlie  platinum,  through  tbe  gtilva- 
nometer,  to  tli©  iron.  The  iron  do*.'s  not  become  cornjilctely  paissive  till 
the  current  has  readied  its  iiiiniaium.  If  its  connection  with  the  pla- 
tinum be  iyterruptetl  before  tliia  takes  place,  tlie  iron  Bpontaneonsly 
loses  its  passive  condition  in  the  aeid,  and  m  not  afterwards  capable  of 
making'  another  piece  of  iron  pjLssive  {accord ing  to  P.  7.)  Btif* — Iron  is 
also  rendered  pas.sive  by  platinum,  gold,  graphite,  or  cliareoa),  in  acid  of 
1 '3  sp.gr.  Silver  acts  less  prjwerfnily. — A  fcteel  needle  dissolve.^  when 
Jir.st  introduced  into  acid  of  \S  sp.  gr.,bnt  subsequently  becomes  passive, 
from  the  action  of  tlie  graphite  which  .separates  from  the  steeL  (Faraday,) 
In  acid  of  J '204  sp.  gr.  an  iron  wire  is  not  proteeted  by  being  bound 
round  with  platinum  wire^  but,  on  tlie  contrary,  dissolved  more  qniekly 
than  it  wonld  be  if  alone.  But  if  the  platinum  wire  he  first  immersed  in 
the  acid,  and  then  the  iron  wire  bound  round  with  it,  the  iron  becomes 
piissive,  and  remains  so  even  when  the  platinum  is  renin ved^jut  in  so 
sllghta  degree,  that  it  is  not  capable  of  imparting  (as  in  P,  7.)  the  passive 
etate  to  another  iron  wire,  but  on  the  contrary  renders  it  active.  (Noad.) 
—  If  the  positive  electricity  of  a  voltaic  pile  be  transmitted  through  an 
iron  wire,  a!id  the  negative  electricity  through  a  platinum  wire,  into 
fiohition  of  acetate  of  lead,  the  iron  acquires  a  coating  of  peroxide  of  lead 
(which  acts  like  platinum),  and  is  thereby  rendered  very  passive  in  nitric 
acitl.  (Schonbein.) 

P,  6,  The  positive  electrieity  of  a  voltaic  jnle  is  conducted  into  nitric 
aeid  of  1*35  sp.  gr.  through  an  iron  wire,  which  is  dipped  in  la«t,  after 
all  the  other  parts  of  the  circuit  have  been  put  in  connection,^ — the  nega- 
tive electricity  being  conducted  by  a  platinum  wire.  If  the  iron  is  im- 
nier-^ed  before  the  platinum  wire,  it  does  not  become  passive,  but  conti- 
naes  to  dissolve.     (Schonbein.) 

P.  7*  By  com  muni  cat  ion:  One  end  of  a  wire  being  rendered  passive 
(P.  1)  hy  ignition,  this  end  dii^ped  first  into  acid  of  1*35  sp,  gr.  and 
then  the  end  which  is  yet  active,  the  latter  also  becomes  passive.  Simi- 
larly, with  two  wires  connected  without  the  acid — the  ignited  wire  being 
first  immersed,  then  the  active  wire.  If  the  two  wires  are  connected  through 
the  medium  of  the  galvanometer,  positive  electricity  goes  for  a  short  time 
from  P.  1,  through  the  galvanometer,  to  the  active  wire  (Schonbein), — P,  5 
la  likewise  sufficiently  passive  to  impart  the  passive  state  to  active  iron 
(Fai-aday);  so  likewise  is  P,  4  (Buflr):^-If  the  end  of  the  iron  wire  covered 
with  peroxide  of  lead  (vid.  P.  J)  be  immersed  in  acid  of  1'3  sp.  gr.,  and 
then  the  active  end,  the  latter  will  become  passive;  so  likewise  will  ano- 
ther iron  wire  connected  with  it.      (Sehbnbcin.) 

If  the  ignited  end  of  the  wire  l>o  dipped  into  the  cu|i  ft  (App,  2),  the 
nnJgnited  end  into  the  cup  6,— a  and  b  being  filled  with  nitric  acid  of  sp, 
gr.  1*3,  and  connected  with  a  short  wick  of  asbestus  saturated  with  the 
aame  liquid, — theunignited  end  will  remain  active,  on  account  of  the  dilu- 
tion of  the  liquid.  Similarly,  when  a  platinum  wire  is  substituted  for  the 
osbestas  h\  but  if  the  connection  //  consists  of  copper  or  brass,  or  if  only 
the  immersed  end  of  g  consists  of  copper  or  bras*,  and  the  immersed  end 
;  of  platinum  or  gold, — or  if  /*  consists  of  an  iron  wire— the  end  which 
dips  into^;  having  been  ignited,— then,  on  first  immersing  the  met^illie  arc 
ff  i,  afterwards  the  ignited  end  o,  and  lastly,  the  nnignited  end  o/?  of  the 
iron  wire, — the  end  p  bectimes  passive. ^ — H  the  ignited  and  nnignitetl 
ends  of  the  iron  wire  op  be  first  immersed  in  the  cups  rt  6,— then  the 
ignited  end  i  of  an  iron  wire  made  to  dip  into  b^  and  lastly  the  uuignited 
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end  f^  into  a,  tbis  end  will  become  passive.  If  tlio  -wire  ^  A  i  b©  active  at 
both  enfLs^  and  it  be  dipped,  after  the  imtiiersian  of  tbe  wire  o  p^  first 
with  the  end  i  in  6,  then  with  g  in  a, — i  will  im mediately  become  pas- 
sive, the  end /?  remaining  active,  In  tliis  manner,  several  wires  may  bo 
immersed  one  after  the  ether,  and  made  pasi^ive  at  tbe  immersed  end  6. 
But  if  tbe  end  of  tbe  iron  wire  (J  p,  wbitdi  dips  into  a^  bai>  been  rendered 
passive,  not  by  ignition,  but  by  tbe  action  of  nitric  acid  (P.  2  or  P.  5), — 
thenj  on  connecting  tbe  cups  a  h  in  the  manner  above  described,  by  means 
of  an  active  iron  wire,  all  four  ends  become  active.     (Scbonbein,) 

Iron  renclered  passive  bj  nitric  acid  exhibits  a  brighter  lustre  than 
before,  (Scbonbeiu.)  P.  1  conducts  a  fecblo  tbermo-elcctric  current  per- 
fectly well;  iron  made  passive  by  nitric  acid  conducts  it  le&s  readily;  but 
tbe  current  of  a  galvanic  circuit  is  conducted  by  tbe  latter  perfectly  welK 
(Fanulay.)  [The  scale  o:xide  of  irou^  with  wbicb  P,  1  is  encrusted,  is 
a  very  good  conductor;  specular  iron,  which  probably  envelopes  iron  mado 
passive  by  nitric  acid,  does  not  cuudaet  so  well  (p.  31Q).J  — Noad  con- 
cludes frt>m  his  own  experiments  that  iron  made  pa.ssive  by  nitric  acid 
cannot  be  regarded  as  a  conductor,  even  for  tbe  galvanic  curreut. 

P.  3  is  no  longer  attacked  by  nitric  acid  of  I'SDOep.  gr.,  not  even 
after  being  washed  with  water  and  ammonia^  or  exposed  to  tbe  air,  or 
gently  toucbedj  eitber  in  or  out  of  tbe  acid,  with  glass,  gold  or  platinum; 
but  bri.sk  rubbing  rcmlers  it  active,  and  effervescence  ensues,  continuing 
till  tbe  iron  biis  resumed  its  passive  state.  It  likewise  becomes  active  by 
being  touched  under  tbe  acid  with  zinc,  antimony,  bismuth,  lead,  or  cop- 
per, tbe  efferve^tcence  spreading  out  from  the  point  of  contact  over  the 
whole  of  the  immersed  part.- — If  tbe  middle  of  the  wire,  P-  3^  be  covered 
with  wax,  both  ends  dipped  into  the  same  acid,  and  one  touched  with 
copper,  both  become  active;  but  if  the  end  not  touched  by  the  copper 
project.^  above  tbe  acid,  the  end  in  contact  with  the  copper  alune  becnmes 
active.     (Herschel.) 

P.  3  withstands  the  action  of  nitric  acid  tolerably  dilute;  also  that  of 
acid  of  1  'Z%^  6p.  gr.  pretty  strongly  heated,  but  not  that  of  boiling  acid; 
whereas  P.  I  is  not  eoluble  even  in  boiling  acid.     (HerscheL) 

Iron  wire  made  passive  by  ignition  ia  rendered  active  again  h-^  rub- 
bing.    (Famday.) 

Iron  made  pa^ive  by  fuming  nitric  acid  remains  so,  even  when 
exposed  to  tbe  air  for  several  hours  or  even  days,     (Schonbein.) 

Iron  rcnrlered  passive  by  nitric  acid  loses  it5  pae^ive  condition  com- 
pletely when  all  tbe  acid  is  washed  ofl*.     (Buff,) 

Passive  iron  is  attacked  by  cbloriue  gas,  bromine  vapour,  and  hydro- 
chloric acid,  and  regains  it^*  active  condition.     (Scbunbein*) 

Iron  nmde  jmssive  in  nitric  acid  regains  ita  activity  when  it  ia  taken 
out  of  the  acid,  and  tbe  adhering  acid  removed  by  evaporation.  The 
wire,  while  still  wet,  remains  passive  in  contact  with  glas^,  wood,  paper, 
platinum, — -but  becomes  active  by  contact  with  oxidal  le  metals:  these 
produce  at  tbe  point  of  contact  a  dark  stain  of  oxide,  which  diffuses  itself 
over  the  whfde  wire.     (Mousson.) 

P.  1  is  passive  towards  nitric  acid  of  1*35  sp,  gr.  even  when  beated; 
but  if  Hubsetpienlly  heated  in  liydrogcn  gas,  it  recovers  its  activity.  Iron 
wire  plunged  iu  a  state  of  ignition  into  nitric  acid  of  1'.^  sp.  gr*,  gives  up 
no  iron  to  it,  even  after  3  minutes'  boiling.  Iron  does  not  dissolve  in  acid 
of  1*5  sp.  gr  even  at  a  boiling  beat  [?], — P.  2  doe^  not  dissolve  in  acid 
of  1*35  s[j.  gr,  even  boiling  []]--- If  P.  2  be  washed  with  water,  it  is 
attacked  with  violence  by  acid  of  1*35  ep.  gr. — Passive  iron  does  not 
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disBolvo  In  ordinary  nitric  acid,  even  when  k(*pt  in  ife  for  yc^TS,  nn!e^ 
ih^  temperature  be  near  tlif*  boiling  point.  In  dihite  sulplmric  acid — on 
the  contrary — ^-^7.,  1  part  acid  td  1  3/»  to  10  parts  wtiint — all  paj?sivo  iron 
beconiei^  active  and  dissolves ;^ — in  t!ie  cni*e  of  P,  1,  tlie  crust  of  insoluble 
oxide  peels  off  at  the  game  time.  But  wlicn  niaile  to  form  the  positive 
polo  of  the  voltaic  pile,  it  remains  pajsgivo  in  the  most  dilute  nitric  acid, 
and  in  other  oxygen  acid^  {md.  Decompo^itioiis  htj  the  electric  current), 
P.  2  is  passive  in  a  mixture  of  1  part  of  hyponitric  acid  witb  10  parts  of 
wa  to  r,  but  m  ay  be  tq  ado  red  active  by  s\  i  gh  t  agi  tation .  (Scho  11  bo  in.)  P*  5 
heated  in  contact  with  pladnum  in  acid  of  1  3  ep.  gn  dissolves  rapidly, 
but  not  till  the  tomperatnro  is  raised  nearly  to  the  boiliog-point. 
(Faraday,) 

P,  1^  2,  5,  or  6  retains  its  passivity  better  than  P,  7j  which  may  be 
mado  active,  not  only  tn  bcJited  or  dilute  acids,  but  likewise  in  the  follow- 
ing  ways:  a.  When  the  part  which  haft  been  in  the  acid  ia  taken  out 
and  strongly  agitated  {agitation  in  the  acid  has  no  elFect). — 6.  When  two 
fluch  wires  are  rubbed  together  at  the  part  in  which  tbey  touch  tbe  sur- 
face of  the  acid. — c.  When  the  end  which  has  been  taken  out  of  the  acid 
is  touched  by  a  metal  which  decomposes  the  acid,  such  as^  tin,  zinc,  iron, 
copper. — d.  Wlien  P.  7  is  touched  byfiuch  a  metal  within  tho  acid,  or  two 
enda  of  P.  7  coonected  outf*ido  the  acid  with  the  other  metal,  whilst  the 
two  other  ends  are  immersed.  (Touching  P.  7  with  phoephorus  oxidking 
in  the  acid  does  not  destroy  the  passive  state.)     (Sehonbcin.) 

On  dipping  first  the  noiguited  and  then  the  ignited  ond  of  a  wire  into 
acid  of  1  35  ep,  gr^  the  latter  becomes  active.  If  active  and  passive 
iron  P.  1 — 7  be  dipper!  eeparattdy  from  each  other  into  nitric  ac»<l  of 
1  3.5  sp.  gr,  and  then  connected,  tho  passive  iron  becomes  active. 
(Schonbein.) 

Passive  iron  iecomes  active  when  tonched,  nnder  nitric  acid  of  1  -1^5^  with 
an  oxidabic  metal,  such  aa  zinc,  tin,  lead,  active  iron,  copper,  brass,  and 
even  with  passive  bismuth;  hut  if  it  be  at  the  same  timo  in  con  tact  with 
platinum,  it  is  not  rendered  active  by  pa.seive  bismuth*  (Schonheiu*)— 
When  passive  iron  is  connected  with  an  oxidable  metal  through  the 
inedium  of  tbe  galvanometer,  instead  of  in  the  acid,  positive  electricity 
goes  from  tho  iron  through  the  galvanometer  to  the  latter,     {^rousson.) 

If  an  active  iron  wire  in  the  form  of  a  fork  a  h  {A pp.  17)  oc  couuected 
at  c  with  a  straight  wire  c  d,  whoso  other  end,  d^  has  been  ignited,  and 
this  end  bo  first  dipped  into  acid  of  1-35  ep«  gr.,  then  the  ends  a  f>,  the 
latter  will  also  become  passive.  But  if  the  end  6  be  connected  with 
an  active  wire  e  h,  the  etfervcscenco  will  progress  from  this  end  t^j  tho 
end  bf  but  not  to  tho  oud  a;  except  when  tho  connection  between  a  b 
and  c  d  is  broken.     (Sclii>nboin,) 

When  iron  wire  made  passive  by  nitric  acid  is  connected  by  means  of 
the  galvanometer  with  an  active  wire  of  iron  or  steel,  and  ffipped  into 
acid  of  1-3  sp.  gr.,  it  sends  positive  electricity  through  the  galvanometer 
to  the  active  wire,  a  short  time  after  immersion;  upon  this,  tho  passive 
wire  is  dissolved  and  tho  current  ceases.  If  one  wire  bo  touched  iu  the 
a<*id  with  gold^  platinum,  or  charcoal,  both  wires  become  passive. 
(Faraday,) 

On  connecting  an  active  and  a  passive  wire  with  the  galvanometer, 
and  immersing,  first  tbe  passive,  then  the  active  wire  in  acid  of  1-374  sp, 
gr,  a  large  quantity  of  positive  electricity  passes,  at  first,  from  the  passive 
wire  through  tho  galvanouietcr  to  the  active  wire:  the  passive  wire  then 
also  begins  to  di^solvci  finally,  both  wires  b^^com0  passive  and  the  current 
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censes.     But  us  soon  as  one  of  the  wires  13  touched  with  copper  or  actiyB 
iron,  it  beeoines  itself  active,  and  generates  a  new  current.     (Notul.) 

Ptihatinu  action.  A  wire,  P.  4,  immersed  in  neid  tjf  V35  f?|>.  gr  at  a 
tempera  Lure  between  12"  and  15",  and  placed  in  contact  for  a  short  time 
with  JL  copper  or  brass  wire,  aetpiires  a  t^low  and  intennJttiug  activity. 
Siniilarlv,  the  two  ends  of  a  fork-shaped  wire,  F»  4, — one  end  licingiu  con- 
tact with  copper  or  brass — become  interaiittin«Tly  active  {i.  e,  liberate 
gas)  at  intervaln  of  a  second,  then  again  passive,  and  ^o  on  fot  dCA^eral 
alteraationfi^^after  which  they  generally  boeotne  permanently  active, 
the  activity  extending  itself  from  the  surface  of  the  acid  to  the  bwer  part 
of  the  wire.  In  other  cases,  these  intermissions  are  succeeded  l>y  a  peN 
mancntly  pa.«.?ive  state,  which  is  again  Interrupted  hj  contact  with  cop- 
per^  and  invariably  passes  into  the  pcrnianently  active  state  by  continued 
contact  with  c(ii>i)er.— If  several  wires  are  brought  into  the  pulsatory 
condition  in  the  same  liquid,  their  pulsationa  do  not  coincide,  unless  they 
touch  one  another. 

The  higlier  tlie  tempemture  of  tlie  acid,  the  greater  is  the  difficulty  of 
induciug  the  jnil'^ation:  above  a  certain  degree  of  lieat*  copper  imme- 
diately induces  the  permanently  active  state.  Water  adderl  to  the  acid 
da  ring  the  pulsation  always  increases  its  rapid  ity^  and  still  further  dila- 
tion renders  the  activity  j>ernianent.     (Schimhein.) 

When  the  puli^ating  condition  is  produced  in  acid  of  1*3  sp,  gr  by 
contact  with  a  very  fine  co[>per  wire,  a  dark  film  of  oxide  is  observed  to 
commence  at  the  point  of  contactj  and  extend  itself  in  all  directions  over 
the  wire;  gaa  is  evolved  on  the  part  of  the  wire  thus  covered,  and  the 
wire  Whind  it  recovers  its  metallic  lustre: — then  a  second  dark  tilm  m 
produced,  attended  with  evolution  of  gas — ^and  then  the  bright  state  re- 
appears without  evolution  of  gas, — and  so  on,     (Monsson.) 

To  the  experiments  here  enumeraled^  I  shall  further  add  some  of  my 
own:  ^ 

Ejtpmmettis  with  Iron  Wire  and  Acid  of  1'5  sp.  ^r.  Wire  which  is 
passive  in  the  cold,  begin s  to  evolve  gas  somewhat  under  80'^;  at  100% 
the  evolution  of  gas  goes  on  quietly  and  uniformly,  and  the  acid  becomes 
so  strongly  charged  with  oxide  of  iron,  that  it  becomes  syrupy,  and,  on 
cooling,  solidifies  into  a  yellowish  brown  tibrous  mass  (which,  when  dis- 
solved in  water,  deposits  brown  flakes  on  boiling).' — If  the  acid  be  heated 
to  violent  ebullition  in  contact  with  the  wire,  it  assumes  the  pulsating 
state,  sometimes  immediately,  sometimes  after  long  boiling,  A  bundle 
of  wires  may  also  be  brought  into  this  state  by  heating  the  acid  even  in 
the  water- bath,  because  the  solution  of  the  large  quantity  of  iron  fur- 
nished by  the  wires  raises  the  temperature.  Pulsating  wire  produces,  at 
100  ,  a  stronger  evolution  of  gas  than  Avire  not  in  that  condition;  the  evot- 
lution  of  gag  gradually  increases  from  above  downwards  (sometimes  thfe 
reverse),  and  after  a  time  experiences  a  sudden  anginentation,  attended 
With  the  formation  of  large  bubbles, — sometimes  causing  the  acid  to  he 
thrown  out  id  the  vessel:  it  then  diminishes,  and,  after  a  corresponding 
interval,  again  rises  almost  to  explosion,  and  so  on.  The  intervals  are 
ehorter  in  proportion  as  tlie  acid  is  less  charged  with  iron;  with  acid  very 
much  saturated,  the  pulsation  is  less  evident.— When  the  pulsating  aiid 
the  active  end  of  an  iron  wire  are  iinmers^cd  in  acid  at  100",  the  former 
often  pulsates  for  a  time  by  itself,  then  the  other  end  also,  and  both  in 
equal  times. — If  the  wire  be  taken  out  before  the  pulsation  begins,  the 
pubating  end  immediately  becomes  covered  with  a  brown  tilm,  whilst  tbo 
other  cud  remains  bright;  but  after  puliation,  both  ends  become  browh 
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on  exposure  to  the  air.  When  a  pulsatitig  and  a  non-pulsating  wire  are 
connected  witli  the  g.ilvii  no  meter,  the  former  i»  foiiufl  to  be  posit!  ire,  at 
100%  towards  tlie  bitter.  The  deflection  increti^es  till  pulsation  begins, 
upon  which  the  needle  suildenly  retrogrades.     (Gni.) 

Experiment  with  Iron  reduced  from  the  Blate  of  Peroxide  htf  Bi/drogen 
pen,  A  large  quantity  of  fiuely  divided  iron  introduced  into  a  small 
quantity  of  nitric  iicid  of  1-5  sp,  gr*  produces  a  violent  effervescence.  This 
effect  is  kept  up  for  «ome  time,  in  consoqacnce  of  the  rise  of  temperature 
which  easues;  but  gradually  diminishes  as  the  liquid  cools;  so  that  a  large 
quantity  of  iron  remains  undissolved:  this*,  however,  disappears  com* 
pletely  on  heating  the  acid  in  the  water- hath.  Finely  dividetl  iron,  sifted 
by  small  quantities  at  a  time  into  acid  cooled  hy  snow,  produces  efler- 
vescenco  on  each  addition;  this,  however,  soon  ceaseSj— so  that  a  large 
quantity  of  iron  nmy,  by  little  and  little,  ho  introduced  into  the  acid 
without  causing  any  con^iderahle  action.  If  the  acid  be  now  poured  ofi*, 
and  water  poured  upon  the  powder,  violent  effervescence  ensues.  But  if 
the  powder  bo  freed  from  adhering  acid,  hy  traupferring  it  to  a  plate  of 
gypsum,  and,  wlien  nearly  dry,  introduced  hy  small  portions  at  a  time 
into  water  which  has  been  boiled  and  cooled,  it  will,  when  thua  washed, 
communicate  a  deep  red  colour  to  a  mixture  of  hydrochloric  acid  and 
sulphocyauide  of  potassium  (which  colour  gradually  disappears  as  the 
metaUic  iron  dissolves),— whereas,  reduced  iron  not  treated  with  nitric 
acid  scarcely  reddens  the  same  mixture.  If  the  powder,  freed  hy  gjpsura 
and  water  from  adhering  actd,  be  dried  in  a  glass  tube  by  a  ciirrent  of  dry 
hydrogen  gas,  continued  for  several  days,  first  at  the  ordinary  tempera- 
ture, then  at  gentle  heat,  and  finally  heated  to  redness  in  the  stream  of 
gas, — a  considerable  quantity  of  water  is  immediately  deposited.  [The 
hissing  Doiae  caused  by  the  powder  even  in  concentrated  nitric  acid,  the 
experiment  with  sulphocyanide  of  potassium,  and  that  with  hydrogen  gas, 
are  in  favour  of  the  supposition  that  a  film  of  peroxide  of  iron  is  fomied.1 
(Gm,) 

[The  pa*?sive  condition  of  iron  treated  with  nitric  acid,  nitrate  of 
silver,  iScc.  probably  arises, — according  to  Faraday *s  earlier  view  (which, 
however,  he  lias  subsequently  modified,  PhU.  Afaff,  J.  10,  75),^from  the 
formation  of  a  thin  film  of  anhydrous  oxide  of  iron,  analogous  to  spe- 
cular iron.  This  view  is  supported  by  the  fact  that  iron  which  lias  been 
ignited,  and  is  therefore  completely  covered  with  black  oxide  (Fe^  O*), 
exhiljils  precisely  the  same  characters.^-exceptiug  that,  from  the  greater 
thickness  of  tho  coating,  its  passive  condition  is  more  complete^ — -and  that 
iron  becomes  passive  only  in  liquids  which  readily  give  up  oxygen.  So 
tbm  a  film  of  specular  iron  cannot  destroy,  but  merely  modify,  the  lustro 
of  the  metal.  Now  this  coating  alaiost  wholly  resists  the  solvent  action 
of  cold  strong  nitric  acid;  hence  it  jue vents  the  acid  from  coming  in 
contact  with  the  rest  of  the  iron,  and  consequently  its  further  action. 
When  the  acid  m  heated,  and  partly  dissolves  off  tho  coating,  a  now 
one  is  tni mediately  formed  by  it^  action  on  the  exposed  iron.  In  acid  of 
l-.j  sp.  gr.  the  formation  of  this  coating  tukea  place  immediately;  in  acid 
of  \'35,  contact  with  platinum.  Sec.  is  necessary,  the  second  metal  serving 
to  convey  tho  negative  electricity  set  free  in  the  iron  to  the  nitric  oxide, 
and  thereby  facilitating  tho  combination  of  the  iron  with  the  oxygen  of 
tho  acid  (p,  341,^),  A  «imihir  effect  is  produced  by  the  electric  current 
of  a  voltaic  battery,  if  tlie  ir<»n  conveys  positive  electricity  into  the  nitric 
ttcid,  Oxidable  metals,  on  tlio  contrary,  such  as  copper,  de8tniy  the 
passive  state  of  iron;  for  while  they  take  up  the  oxygen  of  the  nitric  acid, 
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they  can  duct  negative  electricity  to  tlio  iron,  towards  wliich,  tb  ere  fore, 
the  nitric  oxide  is  tmneforred;  and  thus  coming  in  contact  with  the  film 
of  oxide,  dc<yanposes  it  by  abHtraeting  it^s  oxygen.  Iron  which  \h  highly 
passive — esjieeially  that  which  has  been  ignited,  and  h  therefore  covered 
with  a  thick  film  of  oxide — is  capable  of  inducing  the  passive  state  in  iron 
whicli  is  connected  with  it, — acting  in  fact  like  platinum;  it  is  true  that 
it  hereby  loses  a  portion  of  its  covering  of  oxide,  jnst  as  it  does  when  in 
contact  with  copper;  but  since  this  coating  is  of  considerable  thickness, 
the  other  iron  becomes  paaeivc,  sooner  than  that  which  is  already  passive 
can  be  rendered  active.  On  the  other  hand,  iron  less  completely  paj^sive 
becomes  active  by  connection  with  iron  already  in  a  state  of  activity, — 
inasmuch  as  it  loses  its  passive  character  before  the  active  iron  has  ac- 
quired a  coating  of  oxide  euflicient  to  render  it  passive.  Dilute  nitric 
acid,  hydrochloric  acid,  all  acitis,  in  short,  by  which  oxide  of  iron  is  easily 
dissolved,  destroy  the  passive  8t;ite  by  removing  the  oxido.  The  re- 
markable phenomena  of  pulsation  mus^t,  on  this  by[>otheBi»,  be  attributed 
to  the  rapid  formation  and  subsequent  solution  of  the  BIm  of  oxide.  Even 
if  complete  explanation  bo  unattainable  at  present,  it  may  yet  be  hoped 
that  this  mode  of  explanation — which  ia  likewise  applicable  to  the  other 
passive  metals — will,  on  more  exact  investigation,  be  found  to  embrace 
the  whole  of  the  facts  relating  to  the  passive  condition  of  iron. — Mousson 
attributes  tlie  passive  state  of  iron  to  a  covering  of  nitrous  acid;  Wetzlar 
and  Schonbeiu  tea  peculiar  electro-dynamic  condition  into  which  tliey  sup- 
pose the  iron  to  be  bnjught.] 

In  concentrated  nitric  acid,  iron  is  negative  towards  antimony,  hia- 
muth»  copper,  and  silver, — positive  towards  gold  and  platinum.  (Fechner.) 
'—In  nitric  acid  of  15  sp.gr,  positive  electricity  fjassesi  at  the  first  moment 
from  the  platinum  through  the  galvanometer  to  the  iron;  but  the  current 
soon  ceaeeB.  (Monsson.) — In  concentrated  nitric  acid  [possibly  not  the 
strongest],  iron  ia  positive  towards  lead,  and  is  violently  attacked* 
Towardii  copper  it  is  often  negative  at  first;  but,  with  the  snddenly  com- 
mencing rapid  solution  of  the  iron,  the  current  is  reversed,  (Do  la 
Rive.) — Passive  iron  is  negative  towards  active  iron,  copper,  and  silver* 
(Butr.) 

Active  iron  in  concentrated  nitric  acid  is  positive  for  the  first  instant 
towards  copper  and  silver,  but  soon  he  conies  negative,  and  remains  so. 
In  acid  of  1*3  ep.  gr.,  active  iron  ia  at  first  positive  towards  silver,  be- 
comes negative  for  a  few  seconds,  then  again  poivitivo»  and  so  on  alter- 
nately eight  or  nine  times,  till  at  length  it  becomes  permanently  positive. 
Passive  iron  i^  negative  towards  silver  in  acid  of  1*3  ap,  gr,;  but  the 
action  continually  diminishes  in  energy,  and  finally  ceases  when  the  sur- 
face of  the  silver  becomes  tarnished.     (Faraday,) 

Passive  iron  is  feebly  positive  towards  platinum  in  concentrated  nitric 
acid.  (Schonbeiu.)  Active  iron  is  at  first  strongly  positive  towur«ls 
platinum  in  acid  of  r3  sp.  gr.;  but  the  current  soon  ceases,  as  the  iron 
pui^ses  into  the  passive  state.  Piii^sive  iron,  therefore,  gives  no  current 
with  phitinum,  even  when  first  immersed  in  tbo  acid;  but  whenever  the 
iron  is  moved,  a  momentary  current  is  excited.  Steel  in  concentrated 
nitric  acid  remains  strongly  and  permanently  positive  towards  platinum 
for  fourteen  dayz^,  but  is  not  attuckc<l  by  the  acid,     (Pfai!\) 

If  an  iron  wire  coated  with  peroxide  of  lead  (by  precipitation  from 
solution  of  acetate  of  lead  in  the  voltaic  circuit)  bo  connected,  through 
the  medium  of  the  galvanometer,  with  an  active  iron  wire,  and  both 
wiroa  lUkmersed  in  nttrio  acid  of  1  '3  sp.  gr.,  |>otdtive  electricity  will  pass 
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— tbou)^li  for  a  sliort  timo  only — from  the  coated  wire,  tlirougli  the  g»l- 
raijomctcr,  to  tlic  other  wire,  which  heroines  j>aa<?ive.  A  feeble  current 
pn>hahlj  contiuuea  in  tlio  winie  direction;  the  f>eroxide  j^aduatly  dis- 
fiolres;  and  as  soon  as  tlie  la«t  trace  of  it  disappears,  the  iron  begins  to 
disscdve  also.     (Schiiiihein.) 

Nickel  is  nenfativo  with  copper,  bimnuth,  and  antimonj  in  fttron* 
nitric  acid;  with  isilver  it  la  at  tirat  positive;  then,  as  it  Incomes  coated^ 
negative,     (Faraday.) 

Copper  may  he  rendered  pafl?ive  in  the  ?ame  manner  as  hi^<«inuth,  so 
that  it  will  dissolve  btit  slowlj  in  acid.  It  immediately  beconieH  passive 
in  acid  of  Ir'j  np,  gr.;  in  acid  of  1"47  Fp.  gt»  «t  is  at  first  violently  acted 
upon,  and  tliea  becomes  passive.  If  previously  connected  with  platinum, 
it  a«BUnies  the  pa.^pive  condition  immediately,  and  retainw  its  lii.ftre  aa 
long  as  the  contact  laj^ta.  On  the  removal  of  the  platinum,  the  copper 
becomes  covered  witli  a  black  film,  which  is  not  completely  removed 
either  by  the  action  of  the  acid,  or  by  renewed  contact  with  platinum.^ 
In  acid  of  1*4  sp,  pr  contact  with  platinum  restrains  the  rapid  solution 
of  the  copper,  and  imparts  a  shining  surface  to  it.  When  the  pfuti- 
mini  13  removeil,  the  copper  becomea  covered  with  black  oxide,  which 
dissolves  slowly;  and  passive  copper,  possessing  a  bright  metallic  lustre, 
remains.  If  tfie  copper  be  taken  nut  of  the  acid  while  yet  covered  with 
oxide*  the  acid  still  adhering  to  it  rapidly  dissolves  the  oxide»  leaving  the 
copper  in  the  active  state.     (Andrews.) 

A  thin  copper  wire  surrounded  with  platinttii  wire  remains  bright  in 
strong  nitric  acid,  but  dissolves  on  the  removal  of  the  platinum.  If  both 
the  copper  and  platinum  wires  are  connected  with  the  galvanometer,  and 
dipped  into  the  acid,  a  few  bubbles  of  gas  make  their  appearance — at  the 
beginning  only — on  the  surface  of  the  copper,  and  a  stronger  current  h  ex* 
cited;  but  the  rapid  solution  immediately  ceaseSj  and  only  a  feeble,  though 
constant,  current  remains.     (Mousson.) 

Copper  is  positive  towards  hisnmth  and  antimony  in  strong  nitric 
acid.  (Fechner) — It  is  positive  towaixls  lead,  and  is  at  first  violently 
attacked,  exhibiting,  therefore,  the  reverse  of  its  action  in  dihite  acid. 
(De  la  Rive.) — Towards  platinum  it  is  highly  pof^itive  (the  deviation 
amounts  to  90°  in  nitrio  acid,  and  to  40'  in  oil  of  vitriol).  (De  la  Eire.) 

G(dd  gives  no  current  with  platinum  in  pure  nitric  acid.  But  if  the 
gold  contains  copper,  or  if  a  droj*  of  hydrocliioric  acid  or  solution  of  com- 
mon salt  is  added  to  the  nitric  acid,  chemical  action  takes  place  upon  (he 
gold 7  and  that  metal  becomes  positive.  (Becquerel,  De  la  Hive.)  Gold  is 
ukewise  positive  towards  phi  tin  am  iu  chlorine  water,  (Ritchie^  iV.  Ed.  «/. 
ofS^,  2,  150.) — In  pure  nitric  acid,  also,  gold  is  feebly  positive  towards 
platinum.  {Fcchner,  Mariauini,)  (As  Marian ini'a  experiment  was  made 
at  Vonice,  the  sea  air  may  have  introduced  a  trace  of  alkaline  chlorido 
into  the  acid,  Dt:  la  ^I'm.)— Platinum  gives  a  current  with  rliodium  in 
nitric  acid,  only  on  the  addition  of  hydrochloric  acidj — the  platinum  is 
then  positive.  (De  la  Rive,) 

Platinnm  is  negative  towards  anthracite  in  nitric  acid,  (Becquerel.) 

Platinum  ia  highly  positi%"e  wHth  peroxide  of  manganese  in  strong 
nitric  acid,  oxygen  gas  being  evolved.  (De  la  Rive.)  It  is  still  more 
highly  positive  in  nitric  acid  mixed  witli  alcohol,  or  in  a  mixture  of  h>"po- 
nitric  acid  with  an  ei^ual  quantity  of  water;  in  tho  hist  case,  the  peroxide 
of  manganese  gives  up  oxygen  to  the  hyponttric  acid.  (Faraday.) 

Platinum  is  positive  in  nitric  acid  towards  peroxide  of  lead,  which  at 
ifae  same  time  gradually  disappears  (it  is  likewi&o  slowly  soluble  in  nitrio 
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aci«i  trhen  alone);  also  with  red  lead,  (De  la  RJvo,  Faradaj»  Schbnbein.) 
Yotlow  oxide  of  lead  and  white  lead,  on  the  contrary,  are  positive  towar«b 
platinum,  because  they  do  not  give  on  tiny  oxygen,  (Faraday,) — Pai«^ivo 
iron  aL'o  ig  f^trongly  positive  towiirasi  peroxide  of  lead  in  concent nitcd 
nitric  acid.  With  peroxide  of  silver  in  concentrated  nitric  acid,  pbtinum 
is  somewhat  more  positive  than  with  peroxide  of  lead;  and  the  latter  is 
positive  towards  peroxide  of  silver,  heeanse  the  laflt-mentioned  oxide  giTes 
np  its  oxygen  rnorc  readily.  (Sch(>nbeiii-) 

Electrical  series  in  nitric  acid  of  I'4Bi?p,  gr, :  Cndiniuin,  zinc,  lead, 
tin,  iron,  hi«riimth|  copper^  antimony,  silver,  niekeL  (Faraday^) — In  nitric 
acid  of  I '5  sp.  gr.:  Pa^jsivo  imn,  platinum,  peroxide  of  lead,  peroxide  of 
Filver.  (Schonbein.) — In  concentrated  acid:  Tin,  zinc,  iron,  copper,  Icadj 
mercury,  silver,  peroxide  of  iron,  (De  la  Rive.) 

Experiments  with  Aqueous  Solution  of  Pof a fih  or  Soda.  Pota5sfium  or 
Bodinm  is  positive  towanla  zinc  in  concentrated  eolation  of  potaah.  (H, 
Davv.) 

Amalgamated  zinc  nettKer  dissolves  nor  causes  any  evolution  of  gas 
in  solution  of  potash:  aa  soon  as  it  is  connected  with  platinum,  hydrogen 
gas  is  evolved  at  the  surface  of  that  metal,  hut  more  ?^lowly  thnn  in  dilute 
snl[)liuric  acid,  the  qaantity  of  ga^  being  in  gtoiehtoinetncal  proportion  to 
that  of  the  zinc  dit?«o!vo<l  ^♦32-5  parts  of  zinc  to  i  part  of  hydrogen). 
(Faraday.) — When  zinc  is  left  for  20  hours  in  a  solution  of  one  part  of 
hy<lrate  of  potasili  in  -1  parts  of  water,  the  weights  which  it  loses  whefi 
alone,  when  connected  with  platinum,  and  when  connected  with  iron,  are 
as  1  :  II  :  148.  Hence,  iron  exerts  the  gtrong^est  action;  and  the  quantity 
of  hydrogen  gas  evolved  at  its  surface  is  abundant  in  proportion,  (Runge, 
Po^f^,  16,  129.) — Zinc  gives  in  sulution  of  potash  a  more  powerfnl  current 
with  iron,  than  with  copper,  silver,  or  platinum.   (PoggendortT,) 

Bismuth  and  antimony  in  caustic  potaali  are  positive  towards  nickel, 
(Faraday ) — Tin  i^  positive  towards  iron  in  caustic  potash  or  lime-wuter. 
(J.  Davy.) — Polished  lend  is  positive  towanis  iron  in  caustic  potash  or 
lime-water;  tarnished  lead  negative.  (Yorke.) — Tin  and  iron  are  po.^jtive 
towardiL  copper  in  solution  of  potash.  Iron  joined  with  platinum  in  solu- 
tion of  potash  protlucea  no  current^  and  remains  as  bright  as  if  it  vrem 
placed  alone  in  the  liquid;  it  merely  becomes  oxidated  at  the  end  which 
projects  out  of  the  liquid.  (Do  la  Rive.) — Iron  in  caustic  potash  is  first 
positive  towards  copper^  afterwards  negtitive;  with  platinum  it  is^ positive, — 
more  strnngly,  in  proportion  as  the  platinum  is  immersed  for  a  longer  tini© 
before  the  iron,— less  strongly^  in  proportion  an  the  iron  is  immersed  alone 
for  a  longer  time.  (Fechner,)^ — Iron  or  nickel  gives  with  platinum,  in  con- 
centrated  solution  of  potaiih,  a  very  feehle  current,  which  soon  diminishes, 
the  platinum  being  tiie  negative  metal.  In  a  dilute  solution,  the  current 
is  likewise  very  feeble,  hat  continues  for  a  longer  time,  (Faraday.) 

With  silver  and  platinum  the  current  is  scarcely  perceptible  in  a  con- 
centrated soluti/>n,  and  absolutelv  nothing  in  a  dilute  solution,  (Faraday.) 
— Silver  gives  no  current  with  platiutun  in  alkaline  liquids,  (De  la  lilive.) 
—When  copper  is  connected  with  silver  or  platinum  in  strong  solution  of 
soda— the  latter  being  immersed  first — the  copper  is  strongly  negative  at 
the  beginning  of  ihc  action,  hut  soon  becomes  positive.  Silver  exhibits  a 
similar  action  with  platinum — whereas,  in  a  dilute  solution  of  soda,  it  is 
positive  from  the  beginning.  (Walcker.; — Gold  with  platinum  in  solution 
of  pot:i.sh  continues  positive  for  several  days.  (Pfalf.) 

Platinum  is  positive  with  peroxide  of  mangaseae  m  dolution  of  potash 
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(De  la  Rive,  Faraday);  more  strongly  on  the  addittoa  of  alcohol  (wliick 
exerts  a  deoxitlixlng  action  on  the  peroxiilc  of  manganese) »  Faradat/, 

Arsenic  \%  strongly  positive  towards  iron  in  ftiaed  hydrate  of  potash 
(the  contrary  in  acitb).  Df  la  Rive. 

Electrical  series  m  aqncous  aoliition  of  potash  or  soda:  The  allcali' 
met'.ils  and  their  amalgams,  zinc,  tin,  lead,  copper,  iron,  silver,  palladium, 
goldj  platinum,  {H.  Davy,) — In  solution  of  potash,  either  strong  or  weak; 
Zinc,  tin,  cadmium,  antimony,  lead,  bismuth^  iron,  copper,  nickel,  silren 
(Faraday.) — In  solution  of  potash  or  yoda  of  ap.  gr.  1-33:  Tin,  zinc,  anti- 
mony, lead,  copper,  gold,  platinum,  bismuth,  steel,  silver,  (Pfafl'.) 

Experim&nU  with  Ammonia.  Steel  becomes  passive  in  a  somewhat 
dilute  solution  of  ammonia,  but  not  for  so  long  a  time  as  in  nitrate  of 
silver.  (Wetzlar.)  [The  existence  of  this  passive  condition  is  inferred  by 
Wetzlar  from  \\u  havintr  observed  that  the  bar  of  iron  when  taken  out  of 
the  ammonia  and  dipj>ed  into  a  solution  of  sulphate  of  copper,  does  not 
begin  to  precipitate  the  copper  till  it  has  heen  immersed  for  about  a 
minute.  But  the  ammonia  still  adhering  to  the  iron  causes  Jt  to  be  ear- 
rounded  with  precipitated  oxide  of  copper,  and  this  prevents  the  action 
for  a  time.] 

Zinc  is  positive  towards  tin  and  copper;  tin  and  iron  negative  to  cop- 
per. (Dc  la  Rive.) 

Tin  is  positive  towards  copiyer  at  the  first  moment,  but  gradually  be- 
comes negative.  (Fechner  asserts  the  contrary.)  The  same  relation  is 
exhibited  by  iron  towards  copper, — ^excepting  that  in  this  case  the  reversal 
of  the  current  takes  place  in  a  few  seconds,  f  Marian  ini.)  This  cliange  of 
direction  is  attributed  by  Mariauini  to  the  aiflercnt  degrees  of  alteration 
which  ammonia  produces  in  the  surfaces  of  different  metals:  it  makes  tin 
more  strongly  negative  than  copper; — for,  when  two  plates  of  tin  are  suc- 
cessively immersed  in  it,  the  one  which  is  first  immersed  eithibits  towards 
the  other  a  stronger  negative  reaction  than  a  copper  plate,  under  similar 
circumstances,  woidd  exhibit  ti>wards  another  copper  plate.  Moreover,  if 
the  copper  plate  \h  immeri^cd  five  minutes  after  the  tin  plate,  the  tin  still 
appears  positive  at  the  l>oginniug,  hut  less  strongly  than  when  both  metals 
are  immersed  at  the  same  time.  Lastly,  if  the  two  metals  are  separately 
immersed  in  ammonia  for  ten  minutoSj  and  then  dipped  into  dilute  acid 
or  a  solution  of  salt^  the  copper  still  remains  constantly  positive  towards 
the  tin. 

Platinum  in  ammonia  is  strongly  negative  to warfis  peroxide  of  manga- 
nese,' — a  yellow  substance,  probably  the  hydrate  of  a  lower  oxide,  being 
formed  at  the  same  time.  {De  la  Rive.) 

Electrical  series  in  aqueous  ammonia  of  sp,  gr.  0*£>5  r  Zinc,  tin,  lead, 
silver,  copper.  (Pfaff.) 

Experiments  with  Aqutom  Solutions  of  Alkaline  Salts,  In  a  solution 
of  common  salt,  zinc  ^ivcs  a  stronger  current  with  iron,  than  witli  copper, 
silver,  or  platinum.  (PoggendorfT.)— Zinc,  tin,  and  iron  protect  copper  in 
sea- water  perfectly.  (Van  Beek.) 

Iron  placed  by  itself  in  sea-water  is  strongly  attacked;  the  greater 
the  depth,  however,  the  less  is  the  corrosion,  because  the  oxygen  of  the 
air  has  less  access.  If  pieces  of  zinc  are  attached  to  the  iron  here  and 
there,  the  iron  is  completely  protected,  and  the  zinc  ia  not  nearly  so  much 
corroded  as  the  iron  was  before.  Zinc  likewise  protects  the  iron  as  well 
aa  the  tin  of  tin-plate,  in  f^ea-water,  (E.  Davy.) — Copper,  on  the  contrary, 
is  not  completely  protected  by  zinc  in  sea-water  containing  air.  (.!,  Davy.) 
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— Zinc  coni|»lctely  protects  iran  in  sea- water,  the  iron  becoming  covered 
with  marine  plants;  but  tho  zinc  h  (juickly  corroded.  (Grants  J,  pr. 
diem.  7,  290.)^ — [Protection  of  caat-iron  in  sea- water  by  means  of  a  coat» 
iDg  of  pulverized  zinc.  (Mallet^  ,/.  pr.  Chevu  22,  352:)] 

If  the  U-tube  {App.  4)  contains  a  solution  of  common  Bait,  nitre, 
Glauber*^  ealt,  or  sulpbate  of  magnesia, — zinc,  tii),  or  lead  being  immersed 
in  one  arm,  and  copper  or  platinnm  in  the  other,  and  the  two  metals  being 
connected  by  the  galvanometer, — the  current  diminishes  after  some  time, 
but  may  be  renewed  by  introducing  a  little  acid  into  the  vessel  contain- 
ing the  copper  or  platinnm;  whereas  the  acid,  if  put  into  the  arm  con- 
taining the  zinc,  producea  no  current,  although  it  canseg  a  brisk  disen- 
gagement of  gas  from  the  zinc.  (Roseuscbold,)  [The  oxygren  of  the  water 
and  tbe  acid  of  the  salt  are  transferred  to  the  zinc,  the  hylrogen  of  the 
water  and  tbe  base  of  the  salt  to  tbe  copper.  The  layer  of  the  base  thna 
accumulating  on  the  copper  prevents  the  portions  of  base  afterwards  sepa- 
rated from  coming  in  contact  w^itb  the  copper,  and  tbcreby  receiving 
negative  electricity  from  it.  An  acid  added  to  t!ie  liquid  saturates  the 
separated  base,  and  faciliUtea  the  accejss  of  the  portions  afterwards  sepa- 
rated.] 

If  water  containing  carbonate  of  lime,  held  in  solution  by  excess  of 
carbonic  acid,  be  placed  in  contact  with  zinc  and  copper,  the  whole  of  the 
carbonate  of  lime  is  deposited  on  the  copper.  When  water  of  tbia  nature 
flows  through  leaden  pipes,  tbe  carbonate  of  lime  is  deposited  at  the 
joints  (whicli  are  soldered  with  an  alloy  of  tin  and  lead),  on  tho  brass 
cocks,  and  on  any  piece  of  iron  or  silver  that  may  have  been  introduced, 
thereby  produciug  stoppage.  To  prevent  this  accident,  lateral  tubes  are 
adapted  to  tbe  main  pipe  at  intervals  varying  from  twenty  to  thirty 
feet,  and  furnisbed  with  plugs  of  copper  or  tin,  or  stilJ  better  of  cast-iron, 
■ — and  by  means  of  these,  tho  calcareous  deposit  is  from  time  to  time 
removed.  (Duma^,  Ann,  C/iim.  Phys.  33,  2 GO.) 

A  long  cropper  wire  is  comidetwly  protected  from  tbe  action  of  sea- 
water  by  a  short  zinc  wire,  tbe  latter  being  quickly  covroxled. — If  the 
copper  and  zinc  are  not  in  immediate  contact,  but  separated  outside  tbe 
water  by  an  extremely  tbin  Jilm  of  mica,  or  a  sheet  of  common  dry  paper, 
tho  copper  is  not  protected;  but  if  they  are  kept  apart  by  a  sheet  of  tbin 
silver  paj>er,  the  protecting  action  is  exerted. 

When  the  bends  of  a  long  copper  wire  are  immersed  in  eight  vessels 
filled  with  sea-water,  and  connected  by  ropen  saturated  with  the  same 
water — tbe  copper  in  tbe  first  vessel  being  placed  in  contact  with  zinc, — the 
copper  in  all  the  vessels  is  protected,  if  tbe  ropes  are  0'5  inch  thick;  but 
if  their  thickness  is  only  Ovl  inch,  the  protection  extends  only  to  the  third 
Tfisseb  After  some  time,  tbe  cfipper  in  tbe  first  vessel  becomes  covered, 
partly  with  metallic  zinc,  partly,  on  tbe  lower  surface,  with  crystallized 
carbonate  of  sovhi  and  carbonate  of  lime, — ^that  in  tbe  second  vessel  with 
fine  crYStals  of  carbonate  of  lime  and  a  small  cj nan tity  of  carbonate  of 
soda,— tliat  in  tbe  third  remains  cleau,— that  in  the  fourth  is  somewhat 
attacked,  but  remains  bright, — and  the  portions  in  the  remaining  vessels 
appear  more  and  more  curroded  and  covered  with  verdigris,  (H.  Davy.) 

When  a  plate  of  tinned  iron  is  immersed  in  sea- winter,  tbe  iron  oxidizes 
while  tho  tin  remains  intact.  {Vj.  Davy.)— Steel  and  tin  undergo  no 
alteration  in  boiling  sea-water;  but  in  cold  sea-water  containing  air  steel 
becomes  ru«ty  (though  not  more  so  than  under  ordinary  circumstances), 
while  tin  connected  with  it  remains  unaltered.  In  i>ca-water  which  has 
been  well  boiled,  and  then  cooled,  steel  does  n(d  rust  if  access  of  air  bo 
prevented.    Heucu  the  rusting  is  due  to  tbe  oxygen  of  the  air.  (J.  Davy, J 
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— Iron  in  contact  with  tin  in  eea-water  iB  negative  at  6rst,  but  becomes 
pogitlvo  after  a  few  uiiniites.  It  oxidates  more  quickly  in  sea-water 
wLen  in  contact  with  tin  than  when  alone,  and  the  tin  remains  bright, — 
wbereaa,  when  placed  alone  in  sea-water  its  surface  becomes  tarnidied. 
(Van  Beek,} — A  plate  of  iron,  which,  when  immersed  alone  in  sea* water, 
loses  l^il  graiu>s,  loses  exactly  333  grains  when  placed  in  contact  with  tin 
under  tlie  tame  eirciimstanees,  while  the  tin  lot^es  only  5  grains.  (Mulder.) 
— Carjt-iion  suiierfl  greater  lo^  in  bca-water  when  connected  with  tin  than 
when  in  contact  with  copi>er.  (Mallet.)  h 

PoliJ^hed  l^id  is  positive  t^>wardjj  iron  and  copper  in  a  eolation  of  H 
nitre,  but  lead  superticialJy  oxidated  is  negative.  (Yorke.) — Lead  in  solu- 
tion of  sal-animofliac  is  at  first  positive  towards  iron,  but  the  current  ia 
aoon  reversed.  (^Wetzlar.) — In  solution  of  «ai -ammoniac,  iron  Ib  positive 
towards  tin,  and  copper  towards  bismuth.  Lead  with  iron  is  first  positive, 
then  negative. — In  solution  of  common  sak^  bismuth  ia  first  positive 
towards  copper,  afterwards  negative.  (Fechuer.) 

The  corrosion  of  the  copper  sheathing  of  ahips  may  be  diminished  by 
fastening  to  it  at  several  points  pieces  of  cast  or  wrought-iron,  called  Pro- 
tei'lors.     A  phito  of  copper  on  a  pailing-ship — which,  when  unprotected, 
loses  $'55  grains  iu  twelve  hours — loses  5*5  grains  when  furnished  with 
cast-iron  protectors,  whose  surface  is  equal  to  ^^  of  that  of  the  copper,     fl 
ftud  2  grains  when  the  surface  of  the  protectors  amounts  to  Ykif  t^f  its     B 
own.     Part  of  this  luss  arisen  from  meehauical  attrition.     Ships  furnished 
with  proteetore  of  cast-iron,  whose  surface  wa^  from  j^  to  ^^  of  that  of 
the  copper,  returned  from  their  voyage  with  mueh  lesn  loss  of  copper  than 
when  unprotected.     The  sheathing  was  sometimes  (juite  clean,  sometimes     ^ 
covered  with  carbonate  of  lime,  murine  plants,  shells,  kc. — especiallv  in     ■ 
the  neighbourhood  of  the  protectors,  where  a  large  quantity  of  oxicie  of     " 
iron  was  deposited^  and  on  the  nails,  whicli  conwitfted  of  an  alloy  of  copper 
and  tin— tliis  alloy  being  much  more  ht^dily  electro-negative  than  copper,      h 
This  deposition  on  the  copper  sheathing   is  principally  formed  while  the     H 
fihipjj  are  iu  harbour.     The  surface  of  the  protectors  must,  therefore,  be  of 
euch  extent  as  not  cuuipletely  to  protect  the  copper,  (li.  Davy.) — In  sea- 
water  containing  sulphuretted  hydrogen,  proteetors  of  zino  may  be  used. 
(Daniell,  Ann,  Ckim,  Piufs.  78,  bSil.) 

If  cast  iron  loses  1  part  of  its  weight  when  immersed  alone  in  i$ea- 
water,  it«  loss  when  iu  cmitact  with  copper  will  urnotjut  iu  the  same  time 
to  1'4,  and  with  an  alloy  of  I  At.  zinc  and  7  At.  copper,  to  1*5  of  its 
weight.  (Mallet.) 

Chopper  dissolves  in  aqueous  solution  of  bicarbonate  of  soda;  iron 
united  with  it  remains  bright.  (Wetdar). 

If  silver  be  iiniiiersed  in  one  arm  of  a  U-tubo  (App.  4)  containing 
solution  of  common  sult^  and  phitinum  in  the  other,  rhomhohedral  crystals 
make  their  uppcaniuce  in  a  few  montlis,  being  white  at  first,  then  violet, 
and  iiftcrwards  blue;  they  do  not  change  iu  water.  (Becquereb) 

Platinum  gives  no  current  with  tellurium,  palla<iium,  or  rhodium  in 
a  solution  of  common  salt,  because  no  chemical  action  takes  place, 
(H.  Davy.) 

Platinum  is  positive  towards  anthracite  in  solutions  of  sulphates  or 
chlorides.   (BecquereL) 

Electrical  series  in  solution  of  common  salt:  Zinc,  lead,  tin,  iron, 
antimony,  bismuth,  copper,  silver,  gold,  pktinum.  (Feohner.) 

E^periwuiiU  wUh  Aque^m  Sdutioni  of  the  Heavy  MeiaUic  Salls.^^lt 
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often  happens  that  one  nietal  precipitatea  anotUer  from  its  aolutlon  iu  acid 
or  alkali,  tin?  former  taking  oxygen  from  the  latter*  and  diijsolviDg  in  tlie 
state  of  oxide  in  the  acid  or  alkali.  (,SVA.  18.)  The  action  i.n  at  ilrst  purely 
chcmieal ;  l>ut  as  soon  as  a  small  quantity  of  the  second  metal  liai»  been 
precipitated  on  the  tirst,  electro-chemical  action  mU  in.  The  precipitating 
nietal — which  of  course  possesses  the  greater  aflinity  for  oxygen — is  the 

iiositive,  and  the  precipitated  metal  the  negative  element  of  the  circnit. 
!n  consequence  of  this  action,  the  farther  deposition  of  the  second  metal 
takes  place  on  the  already  precipitated  portion  of  that  metal;  and  thus 
cryjjtallino  vegetation  or  MtiaHlc  Trees  (p.  13G)  are  produced,  the 
negative  nietal  being  nltimately  deposited  at  a  considerable  dititancc  from 
the  positive  one. 

If  a  piece  of  iron  wrapped  up  in  blathler,  silk,  or  paper,  be  immersed 
in  a  sidution  of  blue  vitriol,  only  a  small  quantity  of  copper  will  be 
deposited  inside  the  envelope,  the  greater  part — riossessing  the  metallic 
lustre — collecting  on  the  outside.  (Mulder,  Ih\  Archiv.  22,  2DI;  comp. 
Bischof,  >6W/W'.  3<.j,  I  ID  J — When  a  solution  of  acetate  of  lead  is  decern- 
poeed  by  Huspending  a  oar  of  zinc  within  it^  the  liquid  in  the  neighbour- 
hood of  the  zinc  soon  becomes  free  from  lead — whilst  that  at  the  lower  end 
of  the  growing  lead- tree  still  contains  lead  in  solution.  (Rose^  Pfiiir) — A 
piece  of  the  lead-tree  which  may  chance  to  fall  off,  gradually  dissolves  and 
is  again  precipitated  on  the  xinc.  Direct  experiments  show  that  lead 
(when  access  of  air  is  allowed)  dissolves  in  a  saturated  solution  of 
chloride^  nitrate^  or  acetate  of  ^inc^  a  basic  ault  being  probably  formed  at 
tiie  same  time,  (Fischer,  Pot/f/.  ■*,  291.) 

Zinc  and  Tin  iS*al(s. — Zinc  produces  a  strong  current  with  copper  in 
solution  of  sulphate  of  zinc,  although  the  sulphuric  acid  may  bo  alreatly 
saturated  with  zinc — and  therefore  uo  chemical  action  can  Lake  place. 
(Vfaff.)— Zinc  however  causes  an  evolution  of  hydrogen  gas  when  placed 
by  itself  in  solution  of  sulphate  of  zinc  [because  a  basic  salt  la  produced], 
(J,  Davy.) — Zinc  Is  deposited  on  copper  placed  in  contact  with  zinc  m 
solution  of  sulphate  of  zinc.  (Grotthujis,) — Zinc,  in  the  solution  of  its 
sulphate,  produces  a  much  feebler  current  with  iron  thau  with  copper  or 
platinum,  (Poggendorfll)^ — Id  a  saturated  solution  of  i^ulphate  of  zinc  or 
protochloride  of  tin,  steel  wire  produces  a  feeble  current  with  silver,  the 
eteel  being  positive; — ^no  current  with  platinum.  (J,  Davy*)  Since  steel 
gives  no  current  with  platinum^  J*  Davy  concludes  that  the  electric 
current  is  not  produced  by  cbeuiical  action.  [I  have  found  that  steel  wire 
produces  witli  platiiniui  about  the  same  deflection  as  with  silver,  both  in 
perfectly  neutral  sulphate  of  zinc  aad  perfectly  neutral  protochloride  of  tin.] 

Lead  ASalts.  Active  iron  does  not  precipitate  nitrate  of  Jead,  but 
becomes  passive  in  it,  (Keir.) — From  a  solution  of  acetate  of  lead,  the 
lea<l  is  deposited  on  lead,  stiver,  or  gold,  when  these  metals  are  placed  in 
contact  with  i^inc,  tin,  or  inm. 

Copper  JSaiU.  Cupjier  is  deposited  from  a  solution  of  its  sulphate,  on 
silver,  gold,  or  platinum  placed  in  contact  witb  zine,  tin,  lead,  iron,  or — 
according  to  G rot thuss  — even  with  copper. 

If  au  amalgamated  cop|>er  wire  be  made  to  dip  into  mercury,  the 
surface  of  which  is  covcrcil  with  aolution  of  sulpliate  of  copper,  and  a 
piece  of  amalgamated  zinc  made  to  dip  into  the  copper  solutiouT  then — on 
connecting  the  two  metals  with  the  gulvanumeter — ^the  zinc  is  found  to  bo 
etrongly  and  permanently  positive,  and  the  mercury  becomes  saturated 
with  copper.  (Grove.)  [Oxygen  from  the  oxide  of  copper  is  tisiiiaferj^ed 
with  the  acid  to  the  zmcj  and  copper  to  the  mercury.] 
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In  a  concentrated  Rolution  of  sulpbate  of  copper,  tin  and  iron  are 
positive  towards  lead;  bismuth  and  copper  nearly  neutralize  one  anotlter. 

(Fecbner,) 

Sulphate  of  copper  and  potaeh  is  not  reduced  bj  iron,  except  when  tlie 
iron  is  connected  with  silver.  Dilute  solution  of  nitrate  of  copper  scat- 
tered in  single  drops  upon  a  clean  rod  of  iron  prt»duces  a  deposit  of  copper 
at  every  point  of  contact;  but  if  llie  solution  is  concentrated,  only  a  few  of 
the  drop«  produce  an  immediate  deposition,  others  in  a  few  minatea, 
others  again  not  for  eome  hours,  and  others  not  at  all.  The  precipitation 
may  however  be  brought  about  either  by  warming  the  drops,  or  by 
iniiing  a  non-precipitating  drop  with  one  in  which  precipitation  is  goms 
on.  (Wctzlar.) 

Active  iron  is  positive  towardi?  platinum  in  solution  of  sulphate  of 
copper,  and  caoees  depoeition  of  copjjcr  on  it.  Iron  rendered  pasaire 
by  i^Ttiition  decomposes  eulpbate  r>f  copper;  iron  made  passive  by  nidic 
acid  does  not  (neither  does  it  deconipose  nitrate  of  copper,  except  when 

iibiced  in  contact  with  metallic  copper.  Jlerschfl);  the  latter  also  gives 
mt  a  very  feeble  current  with  jiLittnum,  towards  which  it  la  positive. 
Iron  rendered  passive  by  nitric  acid  becomes  coated  with  copper,  and  is 
rendered  active  by  immer-ji ng  it  in  sulphate  of  copper  in  contact  with 
xine,  cadmium,  tin,  active  iron,  or  copper, — whereaa  contact  with  pla^ 
tinum,  gold,  or  silver  produces  no  effect.  (Schonbein.) 

Steel  wire  renderea  passive  in  ammonia  or  solution  of  nitrate  of  ailver 
soon  becomes  active  in  sulphate  of  copper,  covering  itself  with  copper  in 
a  minute ;  the  latter  renmins  bright  for  a  day  in  concentrated  and  some- 
what acid  nitrate  of  copper,  but  iuatantly  acquires  a  coating  of  copper 
when  touched  with  active  iron^  or  with  zinc,  tin,  or  lead.  If  the  iron  has 
been  washed  with  water,  after  immersion  in  the  Kilversolution,  the  deposition  h 
of  copper  takes  ydace  much  more  quickly.  When  an  active  and  a  passive  H 
iron  wire  connected  by  tlie  galvanometer  are  dipped  into  an  acid  solution 
of  nitrate  of  copper,  a  strong  deflection  of  the  needle  is  produced^  and  the 
passive  iron  becomes  coated  with  copper.  (Wetzlar.) 

In  a  mixture  of  equal  part'*  of  concentrated  solution  of  sulphate 
of  copper  and  fuming  nitric  acid,  a  bar  of  active  iron  remains  perfectly 
bright.  But  if  it  be  scratched  below  the  surface  of  the  liquid  with  a  flint 
or  touched  with  a  similar  bar  of  iron,  a  depoNition  of  copper  takes  place 
upon  the  bar  first  immersed,  commencing  at  the  point  of  contact.  When 
the  solution  is  very  dilute,  the  iron  at  lirst  becomcsj  coated  with  copper, 
gas  being  evolved  at  the  same  time, — but  recovers  its  natural  brightness 
after  the  liquid  has  been  agitated  several  times,  (Scbweigger-Seidel, 
Sckw.  53,  167.) — Active  iron  precipitates  copper  from  a  mixture  of 
aqueous  solution  of  nitrate  of  copper  with  an  equal  quantity  of  nitric  acid; 
but  if  it  be  first  connected  with  fdattimm  and  then  innncrped,  it  does  not 
iicquire  a  coating  of  copper; — even  after  the  removal  of  the  platinum, 
the  deposition  of  copper  does  not  take  place  for  some  time.  (Faraday.) 

If  one  end  of  an  iron  wire  be  covered  with  peroxide  of  leud  (by  the 
decomposition  of  acetate  of  lead  in  the  current  of  the  voltaic  liattery)  and 
this  end  dipped  before  the  other  into  a  solution  of  sulphate  of  copper,  no 
copper  is  i>rceipitated  while  both  ends  are  in  the  solution;  but  as  soon  as 
the  covered  end  is  taken  out,  copjier  is  precipitated  on  the  other;  similarly, 
when  the  bitter  i.^  taken  out.  If  an  iron  wire  coated  with  peroxide  of  loail, 
and  also  an  active  iron  wire,  be  connected  with  the  galvanometer,  and  the 
Latter  dipped  first  into  the  flolution,  positive  electricity  passes  from  the 
former  through  the  galvanometer  to  tlie  latter^  which  begins  to  assume  a 
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coating  of  copper  as  soon  as  it-*  connection  with  the  other  wire  i«  Lroken 
off. — Tbe  cuj>s  a,  6,  aed  tlio  siphon  /i  (App.  2)  coutainiug  soluti«»n  of 
sulphate  of  co|»i>er,  if  tho  end  o  uf  tht^  iron  wire  covered  with  peroxide 
of  lead  b«  immersed  fir!*t,  and  the  active  end  p  afterwards,  tlio  Litter 
does  not  become  coaled  with  copper;  neither  doe^s  tlic  dejK»sition  take 
place  when  tho  siphon  /i  ii?  replaced  hy  a  wire  of  iron,  copper,  or  hrass; 
but  it  is  brought  about  by  the  introduction  of  a  pLitinum  wire.  If  the 
wire  (i/>  be  firnt  immersed,  then  the  active  wire  /*  dippe<I,  first  into  l*  and 
then  into  a^  the  end  in  h  becomes  covered  with  copper,  but  not  that  in  a. 
When  the  end  o  covered  with  peroxide  of  lead  is  taken  out  of  the  li^juid, 
the  end  of  tho  wire  h  which  dips  into  ci  ,t1so  becomes  coppered.  If  o 
remaiDB  in  a  and  a  second  iron  wire  a  \a  dipped,  firtjt  into  a  and  then  into 
bf  the  end  g  of  the  first  wire  A  likewise  acquires  a  coating  of  copper, 
(Schoobein.) 

[When  peroxide  of  lead  and  iron  are  placed  together  in  fioliition  of 
snlphate  of  copper,  the  latter  tiikes  oxygen  and  snlphnric  acid  from  the 
contiguous  atoms  of  the  salt,  and  dii^solves.  Bat  the  separated  ec»pper  i.s 
not  precipitated  on  the  iron — but  takea,  in  its  turn,  oxygen  and  sulpluiric 
a<;id  from  the  contiguous  atom  of  suljdiate  of  copper,  (App.  17.)  Timn, 
the  decomposition  and  recomposition  of  the  atoms  of  sulphate  of  copper 
IS  continued,  in  the  manner  described  on  page  342,  /,  till  it  reaches  the 
peroxide  of  lead.  The  .separated  atom  of  copper  lying  next  to  this  oxide, 
robs  it  of  its  second  atom  of  oxygen,  so  that  protoxide  of  copper  and 
protoxide  of  lead  are  produced.  Thi8  change  takes  place,  hecauBe  peroxide 
of  lead  retains  oxygen  less  forcibly  than  protoxide  of  copper;  and  as  long 
as  any  peroxide  of  lead  remains  undeconiposed,  no  deposition  of  copper 
can  take  place  on  the  iron.  The  iron  need  not  on  this  account  be  regarded 
as  passive;  for  it  is  constantly  taking  up  oxygen  and  acid,  and  dissolving. 
This  oxidation  of  the  iron  caui^es  negative  electricity  to  be  set  free  from 
it; — the  peroxide  of  lead  which  loses  oxygen  must  take  up  negative 
electricity; — hence  negative  electricity  goes  from  the  iron  through  the 
galvanometer  to  the  j>eroxide  of  lead,  or  po^^itive  electricity  in  the 
opposite  direction.  If,  in  the  above  exj>eriment,  the  two  vesisels  are  con- 
nected by  a  siphon^  the  portions  of  liquid  contained  in  them  act  as  one 
liquid,  and  the  process  is  tho  same.  If  the  siplion  be  replaced  by  a 
platinum  wire,  the  peroxide  can  no  longer  restore  by  transpoBiti<jn  the 
oxygen  which  the  copper  has  given  up  to  the  iron:  lor  the  platinum  is 
placed  between  the  twt>,  and  therefore  copper  is  deposited  on  the  iron. 
But  if  iron  or  any  other  oxidable  metal  takes  the  place  of  the  siphon,  tho 
process  just  described  goes  on  in  the  cup  <j» — that  is  to  ©ay, ^-oxidation  of 
the  iron  without  deposition  of  copper,  and  reduction  of  peroxide  of  lead. 
In  this  case,  negative  electricity  accumulates  in  the  wire  A,  an<l  positive 
electricity  in  the  reduced  oxitle  of  lead.  In  accordance  with  this,  tho 
decomposition  of  the  sulphate  of  copper  in  the  vessel  b  goes  on  in  such  a 
manner,  that  the  end  p  takes  up  oxygen  and  acid,  and  sends  tho  negative 
electricity  thus  set  free  to  the  oxide  of  lead;  while  copper  is  deposited  on 
the  end  i  of  the  wire  A,  and  takea  up  the  negative  electricity,  wdiich  is  trans- 
ferred to  this  wire  from  ^.1 

Platinum  is  positive  with  jicroxide  of  lead  in  solulion  of  sulphate  of 
copper,  the  oxi*le  of  lead  graditally  disappearing,  (fcschonbein.)  [The 
electric  current  \»  due  to  the  decomposition  of  the  peroxide  of  lead.  The 
nature  of  this  decomposilitm  rtHpiiies  further  examination.] 

A  plate  of  silver  connected  with  graphite  in  a  solution  of  mtmte  of 
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CHi]v|tfir  Ummm  eoated  with  wteHie  c«ff«r.  (PiiC)    [EM  thf  grspliflt 

ntiiUiin  irntj  l| 

(Ki^r),  rniircT  pfUMivd  mdecsd  fcli&ii  in  oitne 

tuijriiiivu  trmiinli  Mulpknto  of  c^ipiw^r,  aa  if  il  wtte 

leiiil.  fgi^HULUin.)— Iq  nolation  of  corrom^m  mhlkmrnim^ 

feitrj  rm  Rilveri  gold,  or  jtktittiifzi,  eo^niMetfd  iritk  sim^  tin, 

.Vi^oi-r  M^^#.  !u  iirilutioii  uf  ultnita  uf  iiUv^ri  tWi  a^ai  it  ffreetpttali^ 
an  nilvt^r,  ^M,  or  uluiiiitiiri,  ati  e^ion  mn  them  mitali  ure  eOttBccietl  with 

I  mil  |tr(*riptU(o«  n  vary  dilute  tmlQtion  of  nitrate  of  mlrefi  it  nlw 
|nvi  i|tiUiti'^  n  iHitiivutr»l<^l  ^oltilion  whmi  hot,  oehre  Imng  formed  br  lli« 
HVM'^ri,  -tmt,  lit.  iintiiitiry  tiAmpntuMii^A,  hfm  dc^«  not  acl  Ml  n  ttfORg 
*«ihai*m  «>{  uitrnl*^  iif  mfyf^r,  wli€?tli«T  it  lie  tn?utr*il  or  contain  m^e^m  of 
iHiid  -  U,  on  tht^  oUvrr  Un-iid,  n  (juaiitHy  t>f  BJlver  be  dissolveii  in  nitiie 
tu\  UMl  ^nttit^unit  to  ialiimto  it,  «ii  that  tbo  frf^ti  nitric  acid  renlAiTi^ 
_  ll*^<*^'l  ^mUi  nitmiu  »pici— <*r  if  fnniing  nitrk  Jidd  or  oil  of  vitml  be 
ImUM  W  ft  lUMlfftl  j^hrtloii'  ^n  a  m  ll«»ntml  soltitioEi  b&  mii:ed  with  aJeoiiol 
MmI  Ml  l»  i^hhI  ^ioiiiw  llmv*— ^ifon  will  U  l!r»t  j^re^^tpttate  aiher  from 
mi^  %  MkMiMt  liil  Alt  allivr  im^l^M  up  «fiiin  Aft^^r  a  trme,  and  Iciaires 
llii  Ifwa  li  ili  Imtlf*  llnHk  Th»  Ll^nid  pdnred  (>ir  from  the  iron  behjiTea 
ii  llii  ^mm  ^WflMT  %llll  n  IMVftd  fyie<^  of  iron.  Iron  wbi<^h  haa  beeil 
ifihf%^  9«iii««fift  lit  «i#ffltT  mfter  the  rom<ival  of  t lie  surfaee^,  or 
lHw  1^  ii||M»^  fdlMHf;  Itkf^wije  after  lybg  nnder  water  for 
liifei^  \V^  ni4  %mkat  HSMMiUI  It  does  not  di^olvo  in  fmniu^ 
t  iMi  ^^^  %i(m  Alt  uMllliii  «i  wafer. — ^1  f  iron  wbicU  h^  \mi  iU 
%cii>'\v  W  Wn'  -^.  V.  .vontapM  «itk  active  iron  within  the  li<|uid,  n 
^Iff^^kkf^  ivt  '  >  ^fJ»c^  jm  iW  blt»r — I  hen  also  on  the  former;  hut 

llK^Nilvw.  jiiiNe^N^^K'^tK  i"o«^^tfc?Sv  MidKMh  pieces  of  iron  remain  inactive. 
Ifvxu  >»  Wk^  k**  betHi  iu»WKSh*\i  i*  iwtniinar  nitric  or  a  satnrated  solution  of 
«lvor,  i*  hkewfcw  in^M^ivv^  u^w^wvl!*  i^  above  solution  which  contains 
niti\>u$  aoi\i  Inm  miU  nt^  piv>cin*i3U^  ^TT^''  ^™  *  solution  of  nitrate 
of  cop^x^r  which  ha*  been  mixwi  wtih  nitrate  of  silver — not  even  on  the 
addition  of  acid :  so  likewise  inm  which  has  been  rendered  inactive  by  a 
solution  of  silver  no  lonirer  pwNM^iiat^xi'  <\^pper  from  the  sulphate  or 
nitrate.  (Keir,  VfrsvcAe  ft.  Ji^^i^u-Atttmjm.  Gott.  1791;  abstr.  Sckw.  5B, 
154.) 

When  iron  nails  are  nnxe«il  with  |>ieces  of  silver  and  digested  in 
excess  of  nitric  acix^,  the  sih'er  dissolves,  while  the  iron  remains  nndish 
•olvtsl  even  af\er  the  aci^l  has  been  boikvl.  Sometimes  the  iron  is  alter- 
natclv  attacked  with  violence  ami  left  in  the  passive  state.  (Dumas,  Sckw, 
M.  ^\) 

\i\m  prpcipilatc*  snlphate  bat  not  nitrate  of  silver.  Seldom  only  does 
it  h}ip)>en  that  alter  the  in>n  has  remained  for  weeks  in  a  dilnte  solution 
\>f  silver,  a  f>w  j^htins*  laminae  or  tlendrites  of  silver  appear  upon  it^  a 
\N^rr*v<|H\ndin^  ^inantitr  of  iron  having  been  dissi^ved.  Iron  does  not 
jviwipaHto  sihcr  fn>m  a  wixturv  of  1  |^rt  of  concentrated  solution  of 
WMmto  of  jtihcr  with  I  |>art  t\f  nitric  acid  of  s|x  jrr.  1*2:  but  with  1^  of 
\\U\w  )kcu\,  t\k<^  iTv>n  imnie^tiatelyac^niresact^atinrrof  silver,  which  is  &rk 
al  rtui,  thou  bcc\>»H?^  whiter,  ami  afterw^anls  brilliant;  the  silver  then 
iodiN*sv|\OM  \\  uh  sutx^ui:  evolution  i\f  nitric  oxide  gas,  and  leaves  the  htm, 
bri^hl  ^\\\{  \s  hiter  iKau  in  it^  i^inarj  state :— on  farther  addition  of  acid 
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tlie  iron  likewise  remaing  pnssive.  If  tbe  iron  be  touched  for  a  short  time 
below  tljo  surface  of  the  ItquiJ  with  actiye  iron,  it  is  again  attacked  nnd 
covered  with  silver, — but  Nijbsc<jueritly  becomes  piii^wive  again,  siis  thu  hilver 
dissolves.  If  the  immersed  piece  of  active  iron  be  kept  at  a  little  distance 
from  tbe  pfw»,«iive  iron,  the  silver  which  deposits  on  the  former  sooo  effects 
metallic  communication  between  the  two, — ^and  then  the  action  goes  on  aa 
ju.st  described, — Iron  likewise  becomes  pnssiive  in  a  neutral  eohitiou  of 
silver,  but  not  so  completely  rh  in  an  acid  solnlion.— If  an  iron  rod  be 
dipped  ten  times  into  a  solution  of  i^ilver,  and  washed  after  each  immer- 
sion, tbe  solution  is  found  to  be  free  from  iron  at  the  end  of  the  experiment. 
— Very  gentle  wiping  with  blotting-paper  destroys  the  passivity  of  an  iron 
Tod)  but  9,  steel  wire  remains  passive  even  after  rubbing  with  blniting- 
paper,  or  with  Paris  rcfl  and  leather, — and  even  after  gentle  filing  or  careful 
scraping  with  a  steel  scraper, — ^o  that  the  change  of  state  cannot  arise 
from  a  supertkial  deposit,  1  Wetzlar.) — [If  only  individual  f^pots  remain 
covered  with  peroxide  nf  irmi  or  graphite^  they  will,  when  the  iron  is  agaiu 
immer.'^ed  in  the  siilvor  solution,  facilitate  the  formation  of  ihe  film  of  oxido 
of  iron  on  the  expofjed  pttrts.] 

Iron  rendered  passive  in  u  dilute  elation  of  nitrate  of  silver  (1  part 
Mt  to  12  parts  water),  then  connected  with  active  iron,  and  dipped  into 
%  concentrated  solution  of  nitre,  appears  f?trongly  negative:  tbe  detlcciion 
^f  the  galvanometer  is  however  soon  redueed  to  nothing,  because  the  iron 
recovers  its  activity.  If  the  iron  be  taken  out  of  the  solution  and  washed 
with  water,  the  defh?ction  produced  is  less  than  before;— atter  a,  second 
waabtng,  still  less; — ^after  the  iron  has  been  dried  at  a  gentle  heat,  it 
becomes  very  snirtll  indeed,  and  is  sometimes  even  reversed*  Steel  retains 
its  active  state  much  longer,  sometimes  from  8  to  14  days  after  drying; 
but  in  water,  it  becomes  active  in  half  a  minute.     (Wetzlar.) 

In  a  solution  of  1  part  of  nitrate  of  silver  in  It  parts  of  water,  zinc 
T»  first  jK>sitive  towainJs  tin,  then  negative,  then  positive,  then  negative  (or 
at  all  events  less  positive),  then  permatieiitly  positive.  In  a  dilute  solu- 
tion, zinc  IS  permanently  positive  towards  tin, — Tin  in  the  above  solution 
(1  :  12)  is  |>08itive  towards  lead  at  first,  negative  after  13  minutes,  then 
again  po«iitive.     (Pechner,) 

A  very  dilute  solution  of  silver,  even  when  it  contains  free  acid,  is 
immediately  precipitated  by  iron.  In  tbe  t*olution  (1  :  12)  iron  is  nega- 
tive with  copper;  but  tbe  strength  of  the  action  increases  and  diminishes 
alternately.  The  silver,  a*  it  is  deposited  on  the  copper,  gradually  ap- 
proaches the  bright  iron;  as  soon  as  it  conies  in  contact  with  the  iron,  the 
current  througli  the  galvanometer  diminishes,  because  part  of  tbe  electri- 
city goes  through  the  stiver.  When  the  greater  part  of  the  mlver-salt  in 
the  liquid  has  been  decompoj^eil,  and  copper-salt  formeil  in  it«  stead, 
tbe  iron  becomes  coated  with  copper,  and  exhibits  a  positive  reaction 
stronger  than  its  former  negative  reaction^  The  positive  state  din»inisbe&, 
however,  in  intensity,  as  the  coating  of  copper  becomes  thicker.  In 
more  dilute  silver  solutions,  iron  is  permauently  poeitiv^e  towards  copper, 
and  becfuncs  covered  with  silver, — even  when  a  quantity  of  concentrated 
silver-solution  is  afterwards  added,  sufficient  to  restore  the  above  propor- 
tion of  1  :  12.  On  the  other  hand,  iron  continues  negative  for  soma 
time  in  contact  with  copper  in  the  solution  1:12,  even  when  it  is  consi- 
derably diluted  with  water, — but  by  degrees  becomes  po.srlive.  When  tbe 
solution  is  moderately  diluted,  the  iron  if^  at  first  negative  towards  tbe 
copper;  but  afterwards,  when  it  blackens  from  deposition  of  silver,  it 
becomes  positive.     In  the  solution  (I  :  12)  iron  is  positive  towards  plati- 
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In  a  concentrated  Roliition  of  eulphafce  of  copper,  tin  and  iron  are 
positive  towards  lead;  bisnmth  and  copper  nearly  neutralize  one  another, 
(Fechner.) 

Sulphate  of  copper  and  potash  ia  not  reduced  by  iron,  except  when  the 
iron  is  connected  with  silver.  Dilute  eolntion  of  nitrate  of  copper  scat- 
tered in  single  dropa  upon  a  clean  rod  of  iron  prrKluccs  a  deposit  of  copper 
at  every  point  of  contact;  but  if  the  solution  is  concentrated^  only  a  few  of 
the  dfop.s  produce  an  immediate  deposition,  others  in  a  few  minutea, 
others  again  not  for  some  liours,  and  others  not  at  all.  The  precipitation 
may  however  he  brought  about  either  by  warnung  the  drops,  or  hy 
mixing  a  non-pTecipitatifig  drop  with  one  in  which  prceipitation  is  going 
on.   (Wetzlar.) 

Active  iron  is  positive  towards  platinum  in  solution  of  sulphate  of 
copper,  and  causes  deposition  of  cojiijer  on  it,  Iri>n  rendered  passive 
by  ignition  decomposes  sulphate  of  copper;  iron  made  passive  by  nitric 
acid  does  not  (neither  does  it  deconipose  nitrate  of  copper,  except  when 
placed  in  contact  with  metallic  copper.  Ilfrscli^l);  the  hitter  also  gives 
but  a  very  feeble  current  with  platinum,  towards  which  it  is  positive. 
Iron  rendered  passive  by  nitric  acid  becomes  co sited  with  cojiper,  and  is 
rendered  active  by  immersing  it  in  sulphate  of  copper  in  contact  with 
line,  cadmium,  tin,  active  iron,  or  copper,^ — whereas  contact  with  pla- 
tinum, gold,  or  silver  produces  no  cflect.   (Schoubcin.) 

Steel  wire  rendered  passive  iu  ammonia  or  solution  of  nitrate  of  silver 
soon  becomes  active  in  sulphate  of  copper,  covering  itself  with  copper  in 
a  minute  ;  the  latter  remains  bright  for  a  day  in  concentrated  and  some- 
what acid  nitrate  of  copper,  but  instantly  acquires  a  coating  of  copper 
when  touched  with  active  iron^  or  with  zinc,  tin»  or  lead.  If  the  iron  has 
been  washed  with  water,  after  immersion  in  the  silversolutiou,  thedeposition 
of  copper  takes  place  much  more  (|uickly.  Wlien  an  active  and  a  pfwsive 
iron  wire  connected  by  the  galvanometer  are  dipped  into  an  acid  solution 
of  nitrate  of  copper,  a  strong  dctlection  of  the  needle  is  produced,  ami  the 
passive  iron  becomes  coated  with  copper,  (Wetzlar.) 

In  a  mixture  of  equal  parts  of  concentrated  solution  of  sulphate 
of  copper  and  fuming  nitric  acid,  a  bar  of  active  iron  rcumins  perfectly 
briglit.  But  if  it  ho  scratched  below  the  surface  of  the  liquid  with  a  (tint 
or  touched  with  a  similar  bar  of  iron,  a  deposition  of  copper  takes  plaee 
upon  the  bar  first  immersed,  commencing  at  the  point  of  contact.  When 
the  solution  is  very  dilute,  the  iron  at  first  becomes  coated  with  copper, 
gas  being  evolved  at  the  same  time, — hut  recovers  its  natural  brightnesfi 
after  the  liquid  has  been  agitated  several  times.  (Schweigger-Seidel, 
Schir.  53,  167,) — Active  iron  precipitates  copper  from  a  mixture  of 
aqueous  solution  of  nitrate  of  copper  with  an  equal  quantity  of  nitric  acid; 
but  if  it  be  first  connected  with  platinum  and  tlien  immersed,  it  df^es  not 
acquire  a  .coating  of  copper; — even  after  tlie  removal  of  the  platinum, 
the  deposition  of  copper  does  not  take  place  for  some  time.  {Faraday  ) 

If  one  end  of  an  iron  wire  be  covered  with  peroxide  of  load  (by  the 
decomposition  of  acetate  of  lead  in  the  current  of  the  voltaic  battery)  and 
this  end  dijiped  before  the  other  into  a  solution  of  sulphate  of  copper,  no 
copper  is  precipitated  while  both  ends  are  in  the  solution;  hut  as  soon  as 
the  covered  end  is  taken  out,  copper  is  precipitated  on  the  otiier;  similarly, 
when  the  latter  is  taken  out.  If  an  iron  wire  coated  with  peroxide  of  lead, 
and  also  an  active  iron  wire,  be  connected  with  the  galvanometer,  and  the 
latter  di[>pod  firi^t  luto  the  solntitm,  positive  elect neity  passes  from  the 
former  through  the  galvanometer  to  the  latter,  which  be*fins  to  assume  a 


I 


I 
I 


I 


J 


TWO  MET^S   WITH   METALLIC  SALTS, 


;909 


coating  of  copper  as  soon  as  its  connection  witL  tlie  other  wire  ifi  broken 
olf. — Tlitj  cups  (if  &,  and  the  sipLon  h  (App,  2)  contaming  .solution  of 
eulpljate  of  cojiper,  if  tlio  cud  tj  of  tbe  iron  wire  covered  with  peruxido 
of  lead  be  immersed  firsts  aad  tbe  active  end  p  aflcr^anb,  tbc  latter 
doea  not  became  coated  with  copper;  neither  dueif  the  deposition   take 

Elace  when  the  siphon  A  i^  replaced  by  a  wire  of  iron,  capper,  or  brats; 
lit  it  is  broug!it  about  by  the  introduction  of  a  platinum  wire.  If  the 
wire  a p  be  lir^st  immersed,  then  the  active  wire  A  dipped,  Jjrst  into  (*  and 
then  into  a^  the  end  in  I  becomes  covered  with  copper,  but  not  that  in  a. 
When  the  end  o  covered  with  peroxide  of  lead  is  taken  out  of  the  li(|uid, 
the  end  of  the  wire  k  which  dips  into  a  nho  becomes  copjiored.  If  o 
remains  in  a  and  a  second  iron  wire  a  is  dipped,  first  into  a  and  then  into 
b,  the  end  g  of  the  first  wire  k  likewise  acquires  a  coating  of  copper. 
(Schonbein.) 

[When  |ieroxide  of  lead  and  iron  are  placed  together  in  solution  of 
sulphate  of  copper,  the  latter  takes  oxygen  and  sulphuric  aeid  from  the 
contiguous  atoms  of  tbe  siilt,  and  dissolves.  But  the  separated  copper  is 
not  precipitated  on  tbe  iron — Irut  takes,  in  its  turn,  oxygen  and  sulj»huric 
acid  from  the  contiguous  atom  of  sulphate  of  copper,  [App*  17.)  Thus, 
the  decomposition  and  recomposition  of  the  atoms  of  sulphate  of  copper 
is  continued,  in  the  manner  described  on  page  342»  /\  till  it  reaches  the 
peroxide  of  lead,  The  separated  atom  of  copper  lying  next  to  this  oxide, 
robs  it  of  its  second  atom  gf  oxygen,  so  that  protoxide  of  copper  an<l 
protoxide  of  lend  are  protluced.  This  change  takes  place,  because  peroxide 
of  lead  retains  oxygen  less  forcibly  than  protoxide  of  copper;  and  a^  long 
as  any  peroxide  of  lead  remains  undecomposed,  no  <lcposition  of  copper 
can  take  place  on  the  iron.  The  iron  need  not  on  this  account  be  regarded 
aa  passive;  for  it  u  constantly  taking  up  oxygen  and  aeid,  and  dissolving. 
This  oxidation  of  the  iron  causes  negative  electricity  to  bo  set  free  from 
it; — the  peroxide  of  leful  which  loses  oxygen  must  take  up  negative 
electricity; — hence  negative  electricity  goes  from  the  iron  through  the 
galvanometer  to  the  peroxide  of  lead»  or  positive  electricity  in  the 
opposite  direction.  If,  in  the  above  experiment,  the  two  vessels  are  con- 
nected by  a  siphon,  the  portions  of  liquid  contained  in  them  act  afl  one 
liijuid,  and  the  process  is  the  same*  If  the  siphon  be  replaced  by  a 
platinum  wire,  the  peroxide  can  no  longer  restore  by  transposition  the 
oxygen  which  the  copper  lias  given  up  to  the  iron:  for  the  plat i an m  is 
phiced  between  tlie  tvvo,  and  thereft>re  copper  is  deposited  on  the  iron* 
But  if  iron  or  any  other  oxidable  meUil  takes  the  place  of  the  siphon,  the 
process  just  described  goes  on  in  the  cup  a, — that  is  to  say, ^-oxidation  of 
the  iron  without  deposition  of  copper,  and  reduction  of  peroxide  of  lead. 
In  this  case,  negative  electricity  accumulates  in  the  wire  A,  and  positive 
electricity  in  the  reduced  oxiile  of  lead.  In  accordance  with  this,  the 
decomposition  of  the  sulphate  of  copper  in  the  vessel  h  goes  on  in  such  a 
manner,  that  the  end  p  takes  up  oxygen  and  acid,  and  semis  the  negative 
electricity  thus  set  free  to  the  oxide  of  lead^  while  copper  is  deposited  on 
the  end  i  of  the  wire  A,  and  takes  up  the  negative  electricity,  which  is  trans- 
ferrtul  to  this  wire  from  ^A 

Platinum  is  positive  with  peroxide  of  lead  in  solution  of  sulphate  of 
copper,  the  oxide  of  lead  gradually  disappearing.  (Sebonbein,)  [The 
electric  current  is  due  to  the  decomposition  of  the  peroxide  of  lead.  The 
nature  of  this  decomposition  rc'-juires  further  examination.] 

A  plate  of  silver  connected  with  graphite  in  a  solution  of  nitrate  of 
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copper  b^jcomcrf  coated  witli  metallic  copper,  (Pfeflf.)  [Did  the  graphite 
contain  iron  ?] 

tSidU  of  merctirt/.  Iron  becomes  inactive  in  subnitrate  of  mercury 
(Keir),  more  passive  indeed  tlian  in  nitric  acid, — and  is  subsequently  as 
passive  towards  sulpbate  of  copper,  as  if  it  were  coated  with  peroxide  of 
lead.  (Schonl>ejn.)^In  solution  of  corrosive  sublimate,  mercury  is  depo- 
gited  on  silver,  gold,  or  platinum,  connected  with  xintj,  tin,  lead,  iron,  OT 
copper, 

Sihfr  mlts.  In  solution  of  nitrate  of  silver,  that  metal  is  precipitated 
on  silver,  gold,  or  platinum,  as  soon  as  these  metah  are  connoct-ed  with 
tin  or  copper  likewise  immersed.  (Singer.) 

Iron  precipitates  a  very  dilute  solution  of  nitrate  of  ailrer;  it  aleo 
precipitates  a  concentrated  solution  when  hot,  ochre  bein;^  formed  by  the 
action^^but,  at  ordinary  temperatures,  ir<iu  does  not  act  on  a  strong 
aolution  of  nitrntc  of  silver,  whether  it  he  ncntral  or  contain  excess  of 
acid. — If,  on  the  other  baud,  a  quantity  of  Hilver  be  dissolved  in  nitrio 
acid  not  i*ufficient  to  saturate  it,  so  that  the  freo  nitric  acid  remainji 
charged  with  nitrous  acid — or  if  fuming  nitric  acid  or  oil  of  vitriol  be 
added  to  a  neutral  srdution^-or  if  a  neutral  solution  be  mixed  with  alcohol 
and  left  to  stand  for  sou)o  time, — iron  will  at  first  (irocipitatc  silver  from 
Booh  a  solution;  hat  the  silver  dissolves  up  again  after  a  time,  and  leaves 
the  iron  in  an  inactive  state. — The  liquid  poured  off  from  the  iron  behaves 
3n  the  same  manner  with  a  second  piece  of  iron.  Iron  which  has  l^een 
rendered  inactive,  rccover#«  its  activity  after  the  removal  of  the  surface.  Of 
even  after  tlie  slightest  rubbing;  likewise  after  lying  underwater  for 
some  time  (but  not  under  ammonia).  It  does  not  dissolve  in  fuming 
nitric  acid,  even  after  the  addition  of  water, — ^If  iron  which  has  lost  its 
activity  be  brought  in  contact  with  active  iron  within  the  liquid,  a 
deposition  of  silver  takes  place  on  the  latter — then  also  on  the  former;  but 
the  silver^  subsequently  disappears^  and  both  pieces  of  iron  remain  inactive. 
Iron  which  has  been  immersed  iu  fuming  nitric  or  a  satunited  solution  of 
silver,  is  likewise  inactive  towards  the  above  solution  which  contains 
nitrous  acid.  Iron  will  not  precipitate  copper  from  a  solution  of  nitrate 
of  copper  which  has  been  mixed  with  nitrate  of  silver — not  even  on  the 
addition  of  acid;  so  likewise  iron  which  ha-s  been  rendered  inactive  by  a 
solution  of  silver  no  longer  precipitates  copper  from  the  sulphate  or 
nitrate*  (Keir,  Vtrsiicht  w.  B^obachtungen^  Gott.  1791;  ab«tr.  SchuK  5B, 
154,) 

When  iron  nails  are  mixe<l  with  pieces  of  silver  and  digested  in 
excess  of  nitric  acid,  the  silver  dissolves,  while  the  iron  remains  undis- 
solved even  after  the  aci<l  has  been  boiled.  Sometimes  the  iron  is  altera 
natcly  attacked  with  violence  and  left  in  the  passive  state.  (Dnrnas,  Bdtw^ 
57,  23.) 

Iron  precipitates  snlphale  but  not  nitrate  of  silver  Seldom  only  does 
it  hapi:»en  that  after  the  iron  has  remained  for  weeks  in  a  ddute  solution 
of  Sliver,  a  few  shining  laminae  or  dendrites  of  silver  appear  up«>ii  it,  a 
corresponding  quantity  of  iron  havinsf  been  drs^^olved.  Iron  dncs  not 
pi-^cipitate  silver  from  a  mixture  of  I  part  of  concentrated  solution  of 
nitrate  of  silver  with  1  part  of  nitric  acid  of  sp>  gr.  12;  but  with  H  of 
nitric  acid,  the  iron  immediately  ac<juires  a  coating  of  silver,  which  is  imrk 
at  first,  then  becomes  whiter,  and  afterwards  brilliant;  the  silver  then 
redissolvcs  with  strong  evolution  of  nitric  oxJde  gas,  and  leaves  the  iron, 
bright  and  whiter  than  iu  its  ordinary  state  : — on  further  a*ldition  of  acid 
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the  iron  likewise  remains  passive.  If  the  iron  be  touched  for  a  eliort  iimo 
below  the  surface  of  the  liqaifl  with  active  iron,  it  w  ng^ain  attiieke<)  and 
covered  with  silver, — but  bubsetjuently  becomes  pasMve  again,  a«  the  nilver 
dissolves.  If  the  immersed  piece  of  active  iron  be  kept  fU  a  litde  disitance 
from  the  pa>«sive  iron,  the  silver  which  dejiosit«  on  the  former  eoon  ett'ects 
metallic  communication  between  the  two, — and  then  tbo  action  goes  on  as 
ju»t  described.--' Iron  likewiiiie  becomes  passive  in  a  neutral  soliitiou  of 
silver,  but  not  .so  completely  as  in  an  acid  solution. — If  an  iron  rod  bo 
dip^ieii  ten  times  into  a  solution  of  silver,  and  washed  after  each  imnier- 
Mon,  the  solution  is  found  to  be  free  from  iron  at  the  end  of  the  experiment. 
—  Very  gentle  wiping  with  blotting-paper  destroys  the  pajsfeivity  of  an  irou 
ro^d;  bat  a  steel  wire  remain?;  piissive  even  after  rubbing  with  blotting- 
pipeff  or  with  Paris  re«l  and  leather, — and  even  after  gentle  filing  or  careful 
Bcraping  with  a  steel  scraper, — so  that  the  change  of  state  cannot  ariso 
from  a  superficial  (ieposit.  1  Wet^lar.) — [If  only  individual  spots  remain 
covered  with  peroxide  of  iron  or  graphite,  they  will,  when  the  iron  h  again 
immersed  in  the  silver  solution,  facilitate  the  formatiou  of  the  film  of  oxido 
of  iron  on  the  exposed  part 8.] 

Iron  rendercHl  paii^ive  in  a  dilute  ^lution  of  nitrate  c»f  silver  {I  part 
ialt  to  12  pnrts  water),  then  connect«?tl  with  active  iron,  and  dippetl  into 
a  eoneentraterl  solution  of  nitre,  appears  .strongly  negative:  the  deflection 
of  the  galvanometer  h  however  soon  reduced  to  nothing,  beeau^^e  the  iron 
recovers  its  activity.  If  the  iron  be  taken  out  of  the  solution  and  washed 
With  water^  the  deflection  produced  is  less  than  l>efore:— after  a  second 
wtBbing,  still  le^s; — after  the  iron  ha^s  been  dried  at  a  gentle  heat,  it 
becomes  very  small  indee<l,  and  is  sometinies  even  revert^ed.  Steel  retains 
its  active  Btate  mnch  longer,  eometrme*  from  8  to  14  days  after  drying; 
but  in  water,  it  beconuss  active  in  half  a  minute.     (Wet^lar,) 

In  a  solution  of  1  part  of  nitrate  of  silver  in  12  parts  of  water,  zinc 
is  first  jK>sitive  towanl*?  tin,  then  negative,  then  positive^  then  negative  (or 
at  all  ev^ent«  les^  positive),  tlicn  pennrtijently  positive.  In  a  dilute  solu- 
tion, »ine  is  permanently  positive  towards  tin. — Tin  in  the  above  solution 
(1  :  12)  ii?  |>ositive  towards  lead  at  firsts  negative  after  13  mliiutes,  then 
again  positive.     (Fochner,) 

A  very  dilute  solution  of  silver,  even  when  it  contains  free  acid,  m 
immediately  precipitated  by  iron.  In  th«  iwlotio©  (I  :  12)  iron  ia  nega- 
tive with  copp*r;  but  the  strength  of  the  acrtion  increaaes  and  diminishes 
aheniately.  The  silver,  as  it  is  depoi*ited  on  the  copper,  gra<liially  ai>- 
proaches  the  bright  iron;  as  soon  as  it  comes  in  contact  with  the  iron,  the 
current  through  the  galvanometer  diminishes,  because  part  of  the  electri- 
city goes  through  the  silver*  \\'hen  tlie  greater  part  of  the  silver-salt  in 
the  litpiid  has  been  decomposed,  and  copper-gait  formed  in  its  stead, 
the  iron  becomes  coatetl  with  copper,  and  exhibits  a  positive  reaction 
stranger  than  its  former  negative  reaction.  The  positive  state  diminishes, 
however,  in  intensity,  as  the  coating  of  copper  becomes  thicker.  In 
more  dilute  silver  solutions,  iron  is  permanently  positive  towards  copper, 
and  becomes  covered  with  silver, — even  when  a  quantity  of  concentrated 
silver-solution  is  afterwards  added,  sufficient  to  restore  the  above  propor- 
tion of  1  :  12.  On  the  other  hand,  iron  continues  negative  for  t»ome 
time  in  contact  with  copper  in  tbo  solution  1  :  12,  even  when  it  is  consi- 
derably diltited  with  water, — but  by  degrees  liecomes  positive.  When  the 
solution  is  moderately  diluted,  the  iron  ij?  nt  tirtjt  negative  towards  the 
copper;  but  afterwards,  when  it  blackens  from  dept^sition  of  silver^  it 
becomes  positive.     In  the  solution  {1  :  12)  iron  is  positive  towards  plati- 
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nura,  wiihottt  however  precipllttting  silver;  and  the  current  ([uickly  dimi- 
ni^lie^,  because  the  platinum  in  the  solution  continually  becomes  less  tieea- 
^ve.  \Mienj  therefore,  the  platinum  remaioa  for  some  time  in  the  solu- 
tion, before  it  is  placed  in  contact  with  the  iron^ — whether  the  ir<>D  has 
been  in  the  solution  for  the  same  time,  or  is  then  6r8t  immersed— the  cur- 
rent is  much  weaker  at  the  beginning.  Taking  out  and  cleaning  the  iron 
dops  not  strengthen  the  current;  but  the  same  treatment  applied  to  the 
platinum  produces  an  increase. 

In  the  solution  (1  :  12),  and  in  a  stronger  solution,  iron  is  at  first  posi- 
tive towards  silver,  but  soon  becomes  neutral  If  the  solution  contains 
a  small  quantity  of  free  nitric  acid,  the  iron  is  first  positive,  then  periua- 
nently  negative.  On  the  further  addition  of  a  very  large  quantity  of 
acid,  it  remains  bright  and  negative  for  a  while, — then  suddenly  precipi- 
tatea  silver  and  becomes  positive;  then,  when  the  silver  disappears^  it 
again  becomes  bright  and  negative; — and  so  on  from  four  to  six  times  in 
rapid  alternation.  If  the  iron,  while  bright  and  negative,  be  taken  out 
of  the  liquid,  it  immediately  blackens  on  the  surface.     (Fechnen) 

Platinum  is  positive  towards  ^old  or  silver  in  the  neutral  solution 
(1  :  12), — towards  gold,  likewise,  in  an  acid  solution  of  the  same  strength. 
in  a  dilute  solution,  the  current  takes  the  opposite  direction.     (Fechner.) 

Active  iron  placed  by  itself  in  a  dilute  and  slightly  acidulate^!  solu- 
tion of  nitrate  of  silver,  slowly  precipitates  the  silver  in  solid  dendrites; 
but  in  contact  with  passive  iron,  it  precipitates  the  metal  quickly,- — first  as 
a  black,  loose  deposit,  afterwards  in  thin  shining  crystals.  The  same 
effect  is  produced  on  a  bar  of  passive  iron,  on  which  a  few  active  places 
have  been  made  by  rubbing,     (Schweigger-Seidel,  Schw,  53,  167.) 

From  a  neutral  or  slightly  acidulated  solution  of  nitrate  of  silver,  iron       fl 
precipitates  a  small  quantity  of  silver,  but  not  till  after  some  days.     la      V 
the  neutral  solution,  it  gives  no  current  with  platinum.     When  the  solu- 
tioD  is  slightly  acidulated,  the   iron   appears  feebly  positive  only  at  the 
commencement.     In  a  solution  so  strongly  acidulated  that  silver  is  dej>o* 
sited  on  the  iron  (and  afterwards  redissolved),  the  iron  remains  strongly 
positive,  as  long  as  the  deposition  of  silver  continues.    When  the  precipi- 
tation ceases  and  the  silver  is  redissolved,  the  current  also  ceases.     If  the       ^ 
iron  be  connected   by  means  of  the  galvanometer  with  zinc,  tin,  lead,       ■ 
copper,  or  mercury,  it  always  appears  negative  in  the  silver  solution  and       ™ 
becomes  covered  with  crystals  of  silver;  lor  though  the  film  of  oxide  of 
iron  may  be  reduced,  the  silver,  when  precipitated,  acts  instead  of  tlie 
passive  iron  as  the  negative  metal.     (Faraday,) 

Acetate  of  silver  is  completely  decomposed  by  iron,  on  the  appHca* 
tion  of  beat,  whether  the  solution  be  neutral  or  acid:  it  i^  likewise  de- 
composed in  the  cold,  when  mixed  with  a  large  excess  of  acetic  acid. 
But  the  solution,  whether  neutml  or  slightly  acidulated,  deposits  a  small 
quantity  of  silver  in  black  flakes  on  particular  parts  of  the  iron»  while 
the  other  parts  become  covered  with  gas-bubbles,  and  the  greater  part  of 
tlie  silver  remains  in  solution  (many  pieces  of  iron  remain  quite  bright)^ 
If  the  bar  of  iron  be  filed  after  it  has  ceased  to  precipitate^  silver,  it  will 
again  be  rendered  active  for  a  time.     (Wetzlar.J 

Copper,  whether  in  it^  ordinary  state,  or  aft^r  it  has  been  dipped  in 
caustic  potash  and  then  washed  with  water,  immediately  procinitatea 
silver  from  the  nitrate.  In  itj5  ordiimry  state,  also,  it  instantly  decom- 
poses acetate  of  silver;  but  copper,  wl/ich  has  been  immersed  in  potaah, 
produces  no  effect  at  first  on  acetate  of  silver,  and  exhibits  only  a  feir 
dark  patches  of  reduced  silver  after  a  qoarter  of  an  hour.     (Wctzlar.) 
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Experiments  nnih  solutions  of  Sulpkiu^ei  of  Potassium, — Faraday  expe- 
rimented with  l!io  following  liquids:  K  Ydloi^  sohdion:  prepared  by 
fusing  Iiydrate  of  potaush  with  itd  own  weight  of  sulphur,  and  dissolving 
the  fns^d  miiBs  in  water;  (contains  quinto-eiilphuret  of  potassium  mixed 
with  hypo^ulidiite  of  potaeh).— 2,  Oolmirless  sohdion:  Aq^ueous  solution 
of  pota^Ii  saturated  with  sulphuretted  hydrogen;  (may  he  regarded  as  a 
conipoimd  of  sulphuretted  hydrogen  with  protosulphuret  of  potassium,  or 
as  hi-hydrosulphiiret  of  potash). 

When  two  metals  are  immersed  iu  the  yellow  solution,  the  one  which 
tikes  sulphur  from  it  i.s  positiro  towards  the  other.  If  the  former  bo 
thereby  covered  with  a  film  of  sulpliuret  impenetrable  to  the  liquid^  bat 
capable  of  conducting  electricity,  the  direction  of  the  current  will  he 
reversed,  if  the  second  metal  be  capable  of  abBtrncting  eulphar  from  the 
li*|uid:  if  thi«  be  not  the  case,  or  if  the  metallic  eulphuret  be  a  non-con- 
ductorj  the  current  will  cease.     (Faraday.) 

In  the  yellow  solution,  zinc  is  strongly  and  permanently  positive 
towards  iron,  nickel,  gold,  orplatinunij^ — bccaus*  the  «ulphuret  of  zinc  dis- 
solves in  the  liquid. 

Cadmium  is  strongly  positive  towards  iron,  gold,  or  platiaam,  and 
pernmtiently  so  when  the  sulplmret  of  cadmium  is  loosely  deposited;  but  if 
the  cadmium  has  been  polished  with  a  glass  rod.  an  impenetrable  and 
noU'Condueting  coating  of  eulphuret  of  cadmiujn  is  formed,  and  the  cur- 
rent ceases. 

Tin  \i^  pi:»sitivo  towards  iron,  gfdd,  or  platinum,  for  ten  minutes  only: 
after  that,  the  current  ceases;  because  the  tin  becomes  covered  with  an 
impenetrable,  non*cond acting  crust  of  aulphuret  of  tin.  (The  circuit  no 
longer  conducts  a  thermo-electric  current.) 

Lead  is  positive  towards  niekelj  iron,  gold,  palladium,  or  platinum, 
for  two  minutes  only:  the  current  thea  ceases,  on  account  of  the  deposition 
of  sidphuret  of  lead,— which,  though  it  conducts  (the  circuit  conducts  a 
tkermo'current),  is  not  permeable  to  the  liquid.  The  current  does  not 
take  the  opposite  direction,  because  nickel  and  the  other  metals  do  not 
take  sulphur  from  the  liquid. 

Bismuth  behaves  towards  the  metals  just  enumerated  just  as  lead  doeSj 
excepting  that  the  current  continues  for  half  an  hour.  Towards  lead  also 
it  is  positive  at  first,  but  neutral  after  the  lapse  of  two  minutes. 

Antimony  is  ]iermanently  jmsitive  towards  platinum, — because  thesul- 
phurct  of  antimony,  which  is  a  non-cnnductor,  forms  but  a  loose  deposit. 

Copper  is  positive  towards  nickel,  iron,  gold,  or  platinum.  The 
current  diminishes  without  ceasing  altogether;  because  the  eulphuret  of 
c*>pper,  wliich  is  a  good  conductor,  does  not  form  a  hard  cnist,  but  falls 
off  in  scales. 

Disulpliuret  of  copper,  both  natural  and  arfificial,  conducts  well  and 
is  positive  towards  platinum, — -till,  hy  taking  sulphur  from  the  liquid,  it 
pasftes  to  the  state  of  protosulphuret,  and  rs  thus  rendered  inactive. 

Silver  is  permanently  positive  towards  iron,  nickel,  gold,  palladium, 
and  platinum, — because  the  non-conducting  sulplmret  dissolves  as  fast  as  it 
is  formed. 

Copfjer  is  at  first  positive  towards  silver,  the  latter  remaining  bnght; 
then  the  current  ceases;  afterwards  the  silver  becomes  positive,  and  tar- 
nishes,—then  again  the  copper, — and  so  on  alternately,  according  as  the 
metallic  eulphuret,  whicli  is  being  formed,  prevents  the  copper  or  the 
silver  from  taking  sulphur  from  the  litiuid. 

Iron,  nickel,  gold,  palla+lium^    and  platinum,  not  being  capable   of 
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abstracting  sulpbur  from  tlio  yellow  solution,  two  of  these  metala  placed 
togoiber  in  tluit  soliiticm  produce  uo  current.  For  tbe  same  reitson,  no 
current  is  generated  by  8ulj>lmret  of  biainulli,  galena^  iron  pyrites,  tMipper 
pyrites,  or  ;scale  oiide  of  iron,  eitber  with  tbe  metiiU  just  mentioned  or 
with  one  anotber, — although  tb^  circuit  gives  ready  paiseage  to  a  thermo- 
electric current. 

It  18  only  when  the  yellow  solution  m  very  much  diluted,  that  it  ren- 
ders hnu  positive  towartls  plMliiiiiTti,  m  con6e<|Qenca  of  the  formation  of  ft 
very  ^mall  t|  una  thy  of  sulpburot  of  iron, 

Iron,  platinum^  K^c.  aro  j<tr«>n;Lrly  poijitive  towards  protoxide  of  iron 
(hvdrated?),  peroxide  of  nianganet^e,  red  lead,  white  Iwid,  yellow  oxide 
of  leail,  and  moat  of  all  towards  peroxide  of  lead;  for  the**e  oxides  yield 
oxygen  to  tbe  fcolution.  [The  metal  njore  m  leas  reduced  takes  up  nega* 
tive  electricity,  and  tiends  positive  electricity  through  the  galvanometer  to 
the  platiiiimi,  tVe.l  Hence,  iron  rusted  by  exposure  to  damp  air,  or  oxi- 
dated  by  nitric  acid,  then  washed  with  water,  pota^^h,  and  water  again, — 
and  even  iron  apparently  bright  and  clean  («inco  a  lilni  of  oxide  is  ajwayu 
formed  on  it  ns  it  dries),  is  punitive  towards  platinum  at  tbe  fin?!  instant 
of  immersion  in  tbe  yellow  solution,  But  iron  healed  in  the  air  till  the 
surface  taruidies,  gives  no  current  with  platinum. 

Tbe  colourless  solution  of  biliydroyulphnrot  of  potash  gives  corres- 
ponding re^ultt?:  Lead,  bitimuth^  copper,  silver,  and  di^ulphuret  of  (sop- 
|K*r,  are  |msitive  towards  in>ii,  nickel,  gold,  or  platinnni.  Silver  i«  pow* 
tive  towardjs  lead.  Tbe  current  between  lead  and  platinum  soon  dimi- 
nishes without  entirely  ceasing;  that  between  bismuth  and  [datinum 
ceases  almost  wholly. — Nickel  is  slightly  but  permanently  positive  to- 
wards platinum;  iron,  first  negativei  then  neutral,  then  pOfriUve,-*booau«e» 
at  first,  tbe  iron-rust  forms  e^ulphuret  of  iron,  which  is  afterward*  dis- 
solved.— TliUB  far  Faraday. 

Copper  is  positive  towards  iron  in  hydrosulphate  of  potash.  (H.  Davy.) 
—In  solution  of  liver  of  sulphur^  it  is  positive  towards  tin,  lead»  and  even 
zinc.     (Marianini.) 

Copper  ifi  fio^Hitive  towards  iron  in  concentrated  eolation  of  livwr  ol 
sulphur,  and  blackens  immediately t — while  tbe  iron  i^  but  slightly  Idack- 
euetl.  When  tbe  solution  is  moderately  ililuted,  the  copper  is  tirst  nega- 
tive, then  positive,  On  connecting  the  two  ]»lates  after  they  have  been 
immersed  in  the  Bolut ion  for  some  time,  tbe  c(^pper  immediately  becomes 
positive.  It  will  also  remain  pojsitive,  if  tbe  iron  plate  bo  exposed  for 
some  time  to  tlie  air  and  then  again  immersed, — or  if  it  l>e  replaced  by  a 
new  one;  but  if  the  copper  plate  l>e  exposed  to  tbe  air  |in  which  case 
flulpburet  of  copper  may  be  converted  into  sulphate],  or  immersed  for  n 
short  time  in  water  contiiining  an  at^id  or  common  salt, — it  will,  when 
again  immersed  in  the  solution  of  liver  of  sulpbur,  at  first  exhibit  a  nega- 
tive reaction;  just  as  a  fresh  copper  plate  m  at  first  negative  towards  mo 
oM  iron  plate.  The  current  is  not  reversed  by  diluting  the  concentrated 
Bolution  with  soch  a  ^juantity  of  water,  that  clean  copper  would  be  nega- 
tive in  the  mixture,     (Fechner,) 

In  concentrated  solution  of  liver  of  sulphur,  antimony  and  bismoth 
are  slightly  positive  towards  iron,  and  tin  tow,^rds  lead.  Silver  and  cop- 
per are  strongly  positive  towards  antimony,  bismuth^  tin,  lead,  or  iron. 
Copjier  is  positive  toward>i  silver.     (Fecbuer.) 

Electrical  series  in  hydrosulphate  of  p<*ta^li:  Zinc,  tin,  copper,  iron, 
bismuth,  silver,  platinum,  palladium,  gold,  charcoal     (H.  Davy.) 

In  tho  yellow  solution  (1  measure  of  concentrated  solution  to  7  mi 
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snrea  of  water):  zinc,  copper,  cailnimrn,  tin,  eilvcr,  kadj  antimony^  Lis- 
muth,  nickel,  iron. — Id  tliu  colourlecss  *«olution  (bi-hytlro8ulpLurct  of 
pota^li):  Cadmitiniy  zinc,  copper^  tiiij  aiitimonyj  silver,  leaa,  l*i8ijiuth,  uickel, 
iron.     (Furatlay.) 

E,rpt  rime  ft  is  w  itk  ceria  in  fused  s  u  hsfan  Cfs .  Z  i  n  c  gi  ve  s  a  si  roti  g  current 
with  platinum  in  fused  oxide  of  lead  or  cldorate  of  potash;  the  presence 
of  water  is  not  abf?ohitely  necessary.  {H.  Davy.)  Zinc  and  platinum 
form  powerful  circuits  in  fu^ed  carbonate,  chlorate,  or  nitrate  of  ptvta.'^h. 
Stiil  more  powerful  circuits  are  formed  by  iron  and  platinum  in  the  name 
ealts,  or  in  pliosphate  of  soda.     (Faraday.) 

In  fuseil  nitrato  of  *-ilver,  iron  oxidates  at  the  same  rate  and  with 
the  same  colours  a«  when  heated  in  the  air, — no  precipitation  of  ailver 
eneaes.  Iron  and  platinum  placed  toirether  in  the  fused  silrer-salt  pro* 
duce  either  no  current  at  all,  or  the  opposite  of  what  might  be  expected, — - 
that  is  to  say,^ — p<n«(itive  electricity  goe^  from  the  iron,  through  the  galva- 
nometer, to  the  jilatinum.     This  curreut  is  thermo-electric,  ( Faraday ») 


Two  Metah  and  mie  Liquid,  wfuch  U  untqualhf  heated. 

The  lif|uid  being  contained  h\  the  bent  tube  (Aj^p.  5),  into  the  arms 
of  which  the  tw<j  metallic  wires  dip,  and  the  portion  in  one  arm  only 
being  heated  till  it  boils,  the  following  results  are  obtained, — ^according  to 
Faiuday. 

in  dilttie  mlpkuric  acid:  Hot  iron  is  strongly  positiye  towards  coM 
tin;  hot  tin  still  more  strongly  positive  towards  cold  iron. — Hot  iron  is 
feebly  positive  towards  cold  lead;  Lot  lead  strongly  positive  towards  cold 
iron. 

In  dilute  nitric  acid:  Hot  tin  or  lead  is  positive  towards  cold  iron; 
hot  iron  positive  towards  cold  tin  or  lead. — Lead  is  always  positive 
towards  tin,  bnt  hot  lead  more  strongly  than  cold. 

In  nqu^ou^  mititlmi  o/pota^:  Coltl  tin  or  cadmium  is  feebly  positive 
towards  hot  lead;  hot  tin  or  cadmium  strcMigly  positive  towards  cold 
lead. 

In  yellow  ifjlnfion  of  mdphnrtt  of  potussium:  Cold  zinc  is  positive 
towards  hot  cadmium  or  tin;  cohl  ci\dniium  or  tin  is  pojsitive  towards  hot 
zinc. — Cold  zinc,  tin,  or  silver  is  stmngly  pos*itive  towards  hot  lead;  hot 
zinc,  tin,  or  .silver;  slightly  pot^itive  towards  cold  lead.— Cold  tin  is  feebly 
po^titive  towards  hot  silver  (which  becomes  tarnished);  hot  tiji  is  strongly 
positive  towards  cold  silver. 

The  folhwiiig  are  remUs  of  a  difrrent  tliaracter:  Dilute  sulphuric  acid 
with  copper  and  silver:  If  hotli  arm.^  of  the  tube  are  cold,  or  the  silver 
arm  cohl  and  the  copper  arm  hot,  the  deviation  amounts  to  onljy-  1^;  but 
when  the  silver  arm  is  heated,  it  rises  to  20'',  diminishing  again  aa  the 
liquid  cools;  in  this  case,  the  c*>|ipcr  is  alway«  positive. — Silver  is  always 
positive  towards  platinum  In  dilute  sulphuric  acid;  l>ut  when  both  arms 
are  coM,  the  deflection  araonnts  to  4^;  when  the  silver  arm  h  heated,  it  la 
16";  and  wiien  this  arm  is  cold,  but  the  jdatinum  arm  hot,  30  .— Thiij 
increase  of  the  current,  by  healing  the  part  of  the  liquid' in  contact  with 
the  negative  metal,  is  due  to  tlie  increased  facility  witb  which  the  current 
passes  from  this  metal  to  tlie  liquid,     fFaraday,) 

Mariauini  likewise  found  that  the  electric  current  increases,  both  wlien 
the  zinc  plate  is  heated  before  immersion  in  dilute  acid^  ajid  also  when 
tbie  plate  is  kept  cold  and  the  copper  pkite  heated. 
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QuafUUjf  of  the  Electric  Currmt  produced  htf  two  MetaU  and  one  Liquid, 

[The  greater  ibe  number  of  atoma  of  tte  electro-negative  element  nf 
llie  Ut{iiid  taken  up  by  one  of  the  metals  in  a  given  time, — and  the 
smaller  tlie  amount  of  jmrely  chemical,  and  the  greater  the  amount  of  elec- 
troM^hcmical  action  (p.  343,  ^)^the  greater  ib  the  qaantity  of  electricity 
which  passes  from  one  metal  to  the  other  Consequently,  the  qijautity 
of  the  electric  current  is  increased  by  all  circumstances,  which,  (1),  accele- 
rate the  decomposition  of  the  liquid  by  the  raeL^l;  and  (2),  facilitate  the 
transference  of  electricity  from  one  metal  to  the  other,  and  that  of  the 
negative  electricity  from  the  inactive  metal  to  the  liquid, — whikt  contrary 
circnmstances  produce  tbe  opposite  effect.] 

A  zinc  wire  and  a  platinum  wire  each  jV  *>f  ^^  ii*^b  thick,  and  im- 
raersed  4  of  an  inch  deep  in  a  mixture  of  one  drop  of  oil  of  vitriol  with  4 
ounces  of  water,  produce  in  3*2  seconds  as  great  a  deflection  of  the  mag- 
netic needle  as  thirty  turns  of  a  powerful  electrical  machine.  (Faraday*) 

Equivalent  weights  of  different  metals  dissolving  in  the  same  liquid 
generate  currents  of  equal  quantity  but  different  intendty;  e.  ^,  xinc  pro- 
duces a  more  intense  current  than  copper.     (De  la  Rive*) 

Nature  of  the  liquid.  Since  the  rapidity  of  the  chomicnl  proceas 
varies  with  the  nature  of  the  liquid,  it  follows  that  the  same  pair  uf 
roetalfi  immersed  in  different  liquids  will  produce  currents  differing  in 
quantity. 

Zinc  and  copper  produce  a  stronger  current  in  dilute  aulphuric  acid 
than  in  water  or  f^trong  oil  of  vitriol.  (Fechner.)  [Because  the  rinc  oxi- 
dates most  quickly  in  the  dilute  acid.] 

If  a  mixture  of  1 00  measures  of  water  and  1  metianre  of  oil  of  vitriol 
dissolve  I  part  of  an  amalgamated  zinc  plate  joined  with  a  copper  plate, 
the  quantity  dissolved  in  the  same  time  hy  a  mixture  of  3  measures  of 
oil  of  vitriol  with  ](iO  measures  nf  water  will  he  I  "6;  with  6  measures  of 
oil  of  vitriol,  1"9^  with  9  measures,  2'4;  with  12  measures,  4*0;  with  15 
measures,  4*4;  with  18  measures,  2*9;  with  21  measures,  2 -H;  and  with  24 
measures,  2*4  partfli*  Hence  the  strongest  action  is  produced  by  a  mixture 
of  100  measures  of  water  with  15  measures  of  oil  of  vitriol,  the  specific 
gravity  of  which  is  11 4.  This  is  the  case,  whether  the  plates  be  only 
half  an  inch  apart  or  at  a  greater  distance.     (Binks.) 

A  pair  of  zinc  and  copper  plates  immersed  in  a  mixture  of  1  measure 
of  oil  of  vitriol  with  80  measures  of  water  gives  a  deflection  of  106*^;  in 
a  mixture  of  1  measure  of  hydrochloric  acid  with  40  measures  of  water, 
58**;  of  1  measure  of  nitric  acid  with  40  measures  of  water,  1O0\;  of  1 
measure  of  nitric,  1  measure  of  hydrochloric  acid^  and  80  measures  of 
water,  59 ';  and  of  1  measure  of  oil  of  vitriol,  2  measures  of  nitric  acid, 
and  160  measures  of  winter,  120°.  The  last  mixture  evolves  scarcely 
any  hyilrogen  gas,  and  does  not  dissolve  half  so  much  zinc  in  a  given 
time  as  the  first  does. 

If  a  zinc  and  copper  pair  in  distilled  water  produce  a  deflection  of 
1%  the  deflectiop  produced  by  the  same  pair  in  sea-water  will  be  lO'*; 
and  in  the  following  solutions,  all  of  which  contain  1  part  of  the  material 
to  100  parts  of  water,  the  number  of  degrees  of  deviation  will  l>e  a^ 
follows:  Cyanide  of  sodium  109,  hydrocyanic  acid  IN,  ammonia  l«J-4, 
soda  32-6,  phor^pliate  of  pota  :i  447,  borax  45'3,  pliosphate  of  soda  46, 
tartar  emetic  507,  sulphate  of  zinc  51  "6,  chlorate  of  baryta  63*2,  potaflh 
557,  protochloride  of  iron  56*5,  nitrate  of  lime  57,  acetate  of  potash  59, 
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nitrate  of  baryta  G0»  proto^iilpliate  t>f  iron  62  3,  cream  of  tartar  62^4, 
sulphate  of  magnesia  62*6,  acetate  of  soda  C4B,  bicarbonate  of  potasli 
66 '7 1  cliloratc  ol  potasb  68  9,  carbonate  of  soda  69*2,  benzoic  arifl  70*7, 
melanfite  of  ammonia  71'!^  sulphate  of  eoda  7 4" 2*  benzoate  of  potash 
76  6,  nitre  78,  aiilpbalc  of  pota^b  80,  common  salt  84*8,  alum  H'),  citric 
aciil  85-7,  acetic  acid  87,  neutral  tartrate  of  potash  02,  tartaric  acid  1)8 "7, 
chloride  of  calcinm  11 0^  pbospbonc  acid  127,  flowers  of  Bal-aminouiac 
containing  iron  13  6,  oxalate  of  potash  149,  sal-ammoaific  150,  acetate 
of  copper  lo4,  hydrochloric  acid  164»  oxalic  acid  179,  sulphuric  ncid  239, 
sulphate  of  copper  154,  eubuitrate  of  mercury  278,  nitrate  of  silver  298, 
chloride  of  gold  307,  nitric  acid  S5S,  chloride  of  platinnm  418,— Ao- 
cordingly  as  one  part  of  the  following  substances  is  dissolved  in  100  or  1000 
parts  of  water,  the  defection  produced  on  the  immersion  of  a  pair  of 
zinc  and  copper  plates,  is,  in  the  case  of  sulphate  of  nmjLfuesia,  as  24  :  13; 
of  common  salt,  as  5  : 3 ;  of  acid  oxalate  of  potash,  as  27  :  1 1 ,;  and  of  sul- 
phuric acid,  as  9  ;  4. — If  the  deflectioa  in  pure  water  be  assumed  =  1, 
thai  in  alcohol  :^  0  323.  The  addition  of  salts  to  the  alcohol  produces 
lees  increase  of  deflection  than  the  corresponding  addition  to  water  would 
occasion,  (Marianini,) 

Tempfraiure  of  the  Hqyid. — A  zinc  and  capper  pair  in  salt-water  at 
n*'  C  produces  a  dctlection  of  O^'^j  at  3a^,  the  deflection  amounts  to 
1  '3°;  at  48^  to  S-O";  and  at  75%  to  4'0^.  The  deflection  decrea'^cs  gradually, 
but  more  and  more  slowly  as  the  li<iuid  cools.  In  liquids  which  excite 
a  copious  current  even  in  the  cold,  the  incroase  on  the  application  of 
heat  is  not  so  considerable  [because  in  this  case  the  chemical  action,  being 
already  considerable  in  the  cold,  is  not  so  much  increased  by  heating], 
(Marianini.) 

The  quantity  of  hydrogen  gas  evolved  on  a  plate  of  copper  connected 
with  an  amalgamated  zinc  plate  is  li  times  as  great  at  15*5""  as  at  11-7**. 
(Binks.) 

Gradual  aUeraiioji  of  the  liquid, — Chemical  action  diminibbea,  in 
proportion  as  the  activity  of  the  Hciuid  in  contact  with  the  positive 
metal  is  dimin itched  by  saturation.  Circumstances  which  renew  the 
liquid  increase  the  current. 

If  two  metals  are  placed  in  the  two  arms  of  the  U-tube  (A pp.  5), 
and  one  of  them  is  moved,  that  one  becomes  more  positive  than  the  other. 
Thus,  cadmium  is  positive  with  tin  in  dilute  sulphuric  aciif;  but  if  we 
wait  till  the  deflection  has  diminished,  and  then  move  the  tin,  that  metal 
immediately  becomes  positive.  (Faraday,) 

In  water,  and  solutions  of  sal-ammoeiac,  common  salt,  nitre,  or  sul- 
phate of  zinc,  the  electric  current  of  a  zinc  and  copper  pair  diminishes 
quickly  and  regularly  from  the  beginning  of  the  action  ;  in  dilute  acids 
slowly,  often  not  till  the  acid  is  nearly  saturated, — slowly  also  in  potu.^b. 
A  current  which  has  grown  feeble  in  a  saline  solution  may  be  revived 
by  wiping  the  copper  surface  with  a  feather  [whereby  the  nikali.  ^c, 
accumulated  there  is  removed].  Wiping  the  zinc  plate  is  less  elficncious, 
and  stirring  the  liquid  in  the  middle  does  no  good  whatever.  On  the 
contrary,  when  the  current  of  a  zinc  an<l  copper  pair  in  oil  of  vitriol, 
solution  of  carbonate  of  potash,  or  liver  of  sulphur,  l*;v^  grown  feeble,  it  is 
considerably  increased  by  w^iping  the  zinc  plate  [in  oil  of  vitriol  the 
wiping  removes  solid  sulphate  of  zine],^loss  by  w^iping  the  copper* 
(Rosenscbobb) 

ThicknesM  of  (he  intcrvmmg  liquid.  [The  nearer  the  two  metals  are 
to  one  another  in  the  liquid,  and   the  shorter,  therefore,  the  series  of 
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atoms  along  wbjcli  transposition  mmt  talce  place,  the  lesa  will  be  the 
duiount  of  purely  cbeniical,  and  tlie  j^Teater  that  of  electro-cheHiical 
action,  ami  the  more  ab umlaut  tberefore  tbe  current,] 

If  the  ileflet^tion  pro<luce<l  by  a  ptiir  of  7,inc  a^nd  copper  plates  in 
dilute  sulphuric  acid — the  distatice  between  tbe  plates  being  21  lines — 
be  assumed  =  ],  the  deflection  at  12  Hne^  distance  will  be  lil;  at  6  line^, 
1-7;  at  3  lines,  21 ;  and  at  ^  line,  2-6. — Tbe  deflection  is  greater  when  the 
platee  are  parallei  than  when  they  are  inclined  to  one  another  at  au 
angle  of  45"; — and  least  of  all  when  they  are  perpendicular  to  each  other. 
(Bigcon.) 

According  to  the  distance  between  the  anial^ainatcd  zinc  plate  and 
the  copperplate,  and  accord  in  jjlya^  100  measures  td' water  are  mixed  with 
1,  3>  6,  1>,  or  12  measures  of  oil  of  vitriol,  the  number  of  seconds  required 
for  the  evolution  of  a  given  quantity  of  hydrogen  gas  u  as  follows: 


Di«tanoe.         Measures  of  Oil  of  Vitriol.       Distftnoc 


Inches. 


1 


12 


Mcai\ure0  Qi  Oil  of  Vitriol. 


iuiohes. 


1 


9 


IS 


1 

ISO 

85 

eio 

45 

22 

640 

230 

165 

14» 

1 

245 

135 

no 

95 

24 

G55 

235 

161 

U6 

2 

370 

170 

120 

120 

2G 

660 

265 

190 

145 

4 

375 

155* 

125 

125 

28 

680 

295 

190 

lU 

6 

345* 

170 

120* 

125 

30 

690 

290 

190 

170 

8 

400 

no 

130 

125 

3i2 

790 

300 

190 

200 

10 

460 

170 

130 

140 

34 

805 

310 

220 

210 

12 

4Bj 

1«5 

130 

145 

36 

825 

360 

220 

170 

14 

515 

200 

H5 

145 

38 

895 

365 

200* 

170 

16 

530 

205 

145 

145  ' 

40 

900 

370 

230 

170 

18 

545 

215 

165 

130* 

42 

910 

370 

240 

I/O 

20 

590 

220 

1G5 

145 

44 

920 

370 

240 

170 

The  law  enunciated  by  Gumming  and  Ritchie,  vix.^  that  the  current 
varie.s  inversely  u8  tlie  fetquare  root  of  the  di&tance  between  tbe  plates',  is 
not  confirmed  hy  these  numbers.  With  the  weakest  aciii  (1  measure  of 
oil  of  vitriol  to  100  measures  of  water)  the  current  at  the  distance  of 
44  inches  is  to  that  at  half  an  inch  as  1  :  5;  with  tbe  strongest  acid  (12 
meai^ures  of  oil  of  vitriol  to  100  measurcts  of  water)  the  ratio  is  as  1  ;  Sj. 
Tbe  greatest  diminution  occurs  in  all  cases  at  the  increase  of  the  dis- 
tance from  J  inch  to  1  inch.  Tbe  aJiomaliea  wbicli  occur  in  the  taJila  i 
are  marked  with  a  star*  (Binks/) 

Sfirfaci-  of  (he  pfmtivt'  nieiaL^-A  moderately  rough  amalgamated  zmQ 
plate  produces  tbe  strongest  action:  wbeu  thu  plate  ly  either  quite  smootU 
or  very  uneven,  the  action  is  weaker;  m  the  latter  case,  too  much  mer- 
cury remains  in  tbe  hollows  and  interferes  with  the  action  of  tbe  acjd, 
— When  amalgamated  zinc  is  constantly  ufcicd,  the  impurities  which  it 
containii  accumulate  on  its  suiface  and  weaken  the  action  of  the  acid; 
bencc  it  must  bo  cleaned  occasionally.  (Biuk^.) — When  a  plate  of  amaU, 
gamated  r.m€  con jiectotl  with  co|q>er  and  immersed  in  dilute  sulphurie' 
a4;id  hdiS  become  covered  with  bubbles  of  hydrogen  gas,  tbe  cnrrent  \s 
inoreaaed  in  the  ratio  of  2  :  3  by  removing  tbe  bubbles  by  agitation,  and 
thus  increasing  the  effectivo  surface  of  ifie  zinc.  The  current  is  most 
weakened  by  placing  tbe  zinc  plate  in  tbe  horizontal  position,  whereby 
a  considerable  quantity  of  gas  is  suffered  to  accumulate. 

Cottdu€titt*}  power  of  tlije  conntclittff  wire, — [Tbe  njore  tbe  passage  of 
negative  electririty  from  the  potiitive  to  the  ncgiitive  nielnl  is  impeded 
by  imperfei't  coiuluctiou,  the  more  does  the  dectro-dbemicaJ  action  dimi'* 
niahj  J^'i  ^^^  purely  chemical  action  incr©aae.] 
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If  a  pftir  of  ainc  and  copper  plates  immersed  in  water  be  tsonnected  at 
one  tiiiit!  by  a  tLick  and  t^liurt  wire,  at  aiiotlier  by  h  very  tbiu  and  long 
wire,  ^hieb  ofibrs  7000  times  a^  mucb  rtimstaiu-c  fiH  the  funiierT  the  quau- 
thy  of  tbe  current  in  the  llrst  place  will  be  to  Ibiit  of  the  second  rts*  1  Ji  *  1  i 
but  in  dilute  oulphuric  acid,  tbe  ratio  =  J  91  :  1.  (Fechner.)  [Tbe  small 
(|iianlity  o{  electricity  developed  by  tbo  water  fin^U  an  ea^^iy  pflsi*a|y^  eveu 
through  tbe  long  thin  wire, — hence  tbe  current  is  but  uligbtly  weakened  ; 
but  of  tbo  large  quantity  developed  by  the  dilute  acid,  only  a  very  small 
portion  goes  through  tbe  thin  wire,— hence,  in  tbi«  Lnuse,  tbe  negative 
electricity  &et  free  in  tbo  ainc  U,  for  the  most  partj  trausferred  directly  to 
tbe  hydrogen.] 

A\'ben  zinc  and  copper  are  connected  hj  a  rerj  thin  copper  wire, 
IC/JOO  feet  long,  tbe  quantity  of  tbe  current  produced,  varicb — accordinglj 
ns  tbe  nietala  are  immerjjed  in  weak  or  strong  nitric  acid  (tbe  latter  of 
which  likewise  evolves  gas  on  the  copper) — iu  the  ratio  of  100  :  52. 

The  copper  wire  which  connectH  the  two  metala  givea  a  stronger 
current,  when  it«  conducting  power  boa  been  increased  by  previous  igni- 
tion. (Binks.) 

A^atiire  of  (he  ne<fative  mefai. — [The  previous  aseumption  that  the 
electric  current  is  stronger  in  proportion  aa  the  negative  metal  employed 
h  more  decidedly  negative  toward.-i  the  pobhive  metal,  e,  j/., — stronger 
with  silver  than  with  copper,  and  with  |>latinum  than  with  silver,  itc, — is 
not  found  to  be  correct  in  all  cases,  at  least  aa  regards  QtHttttity,  The 
facility  with  which  negative  electricity  ie  traceferrod  from  the  negativo 
metal  to  tbe  separated  electro-positive  element  of  the  li<|nid,  appeara  to 
vary  according  to  tbe  nature,  both  of  tbe  liquid  and  of  the  metal.] 

Ziuc  in  diiute  sulphuric  acid  producea  a  itronger  current  with  copper 
than  with  platinum,  because  the  latter  transfers  tbe  negative  electricity 
to  the  liquid  Ici^s  readily  than  the  former,  (Do  la  Hive.) 

In  dilute  sulphuric  or  nitric  acid,  and  iu  sf»lution  of  common  salt  or 
caustic  potash,  zinc  gives  a  stronger  current  with  iron  than  with  any  of 
the  other  metals,  even  though  they  may  bo  much  more  puwerfuUy  nega- 
tive than  iron.  (Poggendortf.)  Likewise,  in  solution  of  nitrate  or  carbo- 
nate of  potash,  «inc  gives  a  more  abundant  current  with  iron  than  with 
copper;  but  in  pure  water,  dilute  hydrochloric  acid,  solution  of  sulphate 
of  mxla,  carbonate  of  ammonia,  or  sal -ammoniac,  and  in  alcohol,  it  gives 
a  atronger  current  with  copper  than  with  iron,  (Fetrina,  Zcihchr,  Fk, 
V.  W,  6.  281.) 

Charcoal,  though  more  negatire  than  platinum,  gives  a  weaker  current 
with  zinc;  it  is  considerably  improved  by  the  precipitation  of  platinum 
on  its  surface.  {Smee;  Comp,  Robert*?  and  Poggondorfft  p.  350,  and  Ma- 
riunini,  p,  351.) 

Co  it  tit  it  ion  of  Uie  iurface  of  the  neff alive  metal. — [The  more  uneven  tho 
surface  of  the  negative  metal,  the  more  abundant  is  the  current.  The 
readier  evolution  ofgae,^ — 6\/a,  of  hydrogen  ga? — on  inequalities^  of  surface 
(p.  271),  must  here  be  taken  into  account.  Covering  the  i^urface  of  the 
negative  metal  with  thin  filma  of  substances  having  less  conduoting 
power  weakens  the  ourrent.] 

Wlien  the  copper  connected  with  the  ainc  has  a  smooth  snrface,  the 
deflection  is  less  than  when  it  is  perforated,  bent  in  various  ways,  en- 
graved in  squares,  or  scmtched  witii  ti  tile  in  all  directions.  (Bigeon») 

The  hydrogen  escapes  mowt  abundantly  at  tlie  edges  and  angles  of  tbe 
negative  metal*  Unignited  platinum  or  silver  does  not  take  up  the  liquid 
60  readily^  and  therefore  does  not  give  io  strong  a  current  a«  that  which 
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has  been  ignitefl.  Cbarcaal  long  expand  to  tlic  air  is  less  effective  tlian 
freslilj  ignited  ehareoaL  Spf^ti^'-y  platinum,  or  platinum  foil  covered  with 
platinum  powder,  act3  more  strongly  thnn  t^mooth  platioum  foil.  The 
fcdlowing  substances  immersed  in  dilute  sulphuric  acid,  in  contact  with 
amalgamated  zinc,  liberate  the  following  quantities  of  hydrogen  gaa  in  a 
minute:  Platinum  foil  covered  with  platinum  powder,  5  cubic  iuches; 
smooth  platinum  foil^  after  ignition,  1;  the  fiame  nniguited^  ^;  platinized 
ct>ke»  |;  common  colce,  ^4  ^^^^-  ^^-  ^^  *^^^  liquid  contains  nitric  acid,  andi 
consetjuently  no  gas  is  evolved,  the  current  is  not  much  increased  hy  the 
pulverulent  condition  of  the  surface:  hence  it  is  the  more  r«ipid  evolution 
of  gaa,  and  not  the  extension  of  surface,  that  causes  the  increase  in  the 
curFent»  Other  finely  divided  metals  do  not  act  so  powerfully  as  platinum, 
with  the  exception  of  paMadiumj — which  however  does  not  produce  macki 
effect  in  the  spongy  state-^^hut  when  precipitated  upon  platinum  or  silver, ' 
acts  as  strongly  as  finely  divided  platinum.  Considerable  effect  is  pro- 
duced hy  platinum  precipitated  on  palladium,  silver,  or  plated  copper. 
The  silver  or  plated  copper  (the  copper  surface  of  the  latter  being  covered 
with  varnish)  is  immersed  in  water  acidulated  with  sulphuric  acid,  to 
M'hich  some  eolutioE  of  chloride  of  platinum  has  been  added, — and  con- 
nected hy  a  wire  with  a  zinc  plate  contained  in  a  porous  vessel  tilled  with 
dilute  sulphuric  acid,  and  immersed  in  the  first  mentioned  fluid.  The 
platinum  attaches  itself  to  the  silver — ^provided  the  surface  of  this  raetal 
has  been  previoui^ly  roughened  with  strong  nitric  acid^ — so  strongly,  that  it 
cannot  he  removeif  by  rubbing*  (Smee*) 

Ignition  renders  a  copper  plate  more  active,  by  increasing  its  cod- 
ducting  power  and  removing  any  impurity— for  example,  the  grease  of  the 
finger— which  may  be  attached  to  it,— A  plate  of  copper  thrown  in  a  state  j 
of  ignition  into  sulphuric  acid,  and  then  cleaned,  exhibited  remarkable 
activity. ^While  the  circuit  is  closed,  the  coppr  connected  with  zinc  in 
dilute  sulphuric  acid  is  continually  contracting  impurities^ — inconsequence 
of  which,  tho  evolution  of  gas,  and  therefore  also  the  electric  current, 
suffers  considerable  diminution.  If  the  quantity  of  hydrogen  gas  evolved 
oil  the  surface  of  the  copper  in  the  first  5  minutes  be  35  measures,  the 
quantity  evolved  in  the  second  equal  interval  will  he  33  measure!*;  in  the 
tiiird,  29;  in  tlie  fourth,  24;  in  the  fifth,  IT;  and  in  the  sixth,  9.  On  clean- 
ing the  copper  plate,  the  quantity  again  rises  to  33  measures.    (Binks.) 

Relative  e^ent  of  $urfac€  of  the  negaiht  meiaL — [The  greater  the 
anrface  of  the  negative  metal,  the  greater  also  is  the  facility  with  which 
the  negative  electricity  passes  from  it  to  the  separated  positive  element  of 
the  liquid  (hydrogen,  metals,  ^c), — -and  the  stronger  therefore  is  the 
current.] 

The  surface  of  the  zinc  plate  remaining  the  same,  the  quantity  of  the 
current  is  considerably  incrca^^ed  by  enlarging  the  surface  of  the  copper 
plate.  In  dilute  sulphuric  acid,  the  current  is  doubled  by  increasing  the 
copper  surface  twofold,  treble<l  by  increasing  it  tenfold,  and  quadrupled 
by  increasing  it  tliirty-fold.  Enlarging  the  zinc  surface,  while  that  of  tho 
copper  remains  the  same,  produces  l>ut  little  increase  of  the  current 
[liecause  this  relative  diminution  of  the  copper  surface  increases  the 
amount  of  purely  chemical  action].  Increased  thickness  of  the  tnetaJ 
plates  has  no  effect  whatever.    (Marianini.) 

Increasing  the  surface  of  tho  negative  metal  strengthens  tho  current 
most,  when  the  chemical  action  is  weakest.  (Dc  la  Rive.) 

A  zinc  plate  whoso  surface  is  equal  to  |  of  that  of  the  copper  plate, 
giree  m  strong  a  current  as  it  would  yield  if  its  surface  were  equal  to 
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that  of  the  copper;  but  if  the  liuc  surface  he  still  furtlior  dimiaished,  the 
ctirrerit  decreases.   (Mull ins,) 

The  greater  the  distance  between  the  two  plates,  the  greater  is  the 
increase  iu  the  quantity  of  the  current  produced  by  a  given  enlargement 
of  either  of  the  plates.  The  distance  between  the  metals  being  4  lines  in 
one  c^iae  and  9  liuea  in  the  other,  and  the  deHeetion  produced  when  the 
two  plates  have  equal  surfaces  being  assumed  =  1,  the  following  are  the 
deflections  obtained  on  incrca^sing  the  surface  of  one  or  other  of  the  plates. 
(BigeoD,  Ann.  Chim,  Phys,  46,  80): 


Dbtance  =  4  i  aches. 
Zinc  Borface.     Copper  surface.     Deflection. 


1 
113 

1-45 

2'33 


Diitance  =  9  inches* 


Zinc  surface. 
1 
2 
3 
1 
1 
1 
1 
1 
1 


Copper  surface, 
i 
1 
1 

I'S 
2 

% 

4 

h 


The  greater  the  surface  of  the  copper,  the  smaller  is  the  quantity  of 
hydrogen  gas  which  attaches  itself  in  bubbles  to  the  surface  of  the  amal- 
gamated zinc  ft  ho  smaller  is  the  amount  of  purely  e  hem  i  ail  action], 
Binks. — Several  experiments  of  Binke',  on  the  quantity  of  hydrogen  ga.s 
evolved  on  the  copper,  according  to  the  extent  of  copper  surface,  and 
likewise  according  to  the  distance  of  the  copper  plate  from  the  amal- 
gamated zine  plate,  will  be  found  in  the  FhiL  Mag,  J,  12,  171 » 

Movements  of  mercury  in  (he  mtipie  Galvanic  circuit— When  mer- 
cury together  with  another  metal  conies  in  contact  with  different  liquids, 
peculiar  motions  of  the  liquid  and  of  substances  floating  in  it  are  often 
produced,  [The  immediate  cause  is  doubtless  to  he  found  in  motion  pro- 
duced in  the  mercury  itself, — which  motion  is  conmiuuicated  to  the  other 
liquid  and  is  there  more  easily  perceived.  But  the  cause  of  the  original 
motion  iu  the  mercury  is  yet  to  be  discovered  ] 

1.  Small  pieces  of  potassium  or  sodiujn  placed  on  the  surface  of 
mercury  covered  with  a  thin  film  of  water,  move  rapidly  about,  rotating 
at  the  same  time,  until  they  are  oxidated.  On  dry  mercury  in  dry  air,  no 
motion  is  produced. 

Pieces  of  an  alloy  of  antimony  and  potassium  exhibit  eimilur  effects, 
the  smaller  ones  rotating  rapidly,  those  of  greater  magnitude  revolving 
in  large  circles,  and  oblong  pieces  of  still  greater  size  moving  backwards 
and  forwards.  The  motion  continues,  till  a  film  of  carbon  ace  otis  matter 
and  other  impurities  (previously'  existing  in  the  alloy)  is  formed  ou  the 
surface  of  the  water.  A  few  drops  of  nitric  acid  likewise  check  it  in  a 
great  degree. 

Small  pieces  of  an  alloy  of  bismutli  and  potassium  move  about  both  on 
mercury  covere<i  with  water,  and  likewise — though  more  slowly — on  the 
naked  surface  of  that  metal.  In  the  latter  case,  tlie  moisture  of  the  air 
comes  into  playj — for,  on  perfectly  dry  mercury  in  perfectly  dry  air,  no 
motion  takes  place, — though  it  immediately  commences  on  the  addition  of 
water.  The  motion  in  common  air  likewise  ceu'^es  when  the  air  is 
removed  by  the  air-pump,  but  recommences  on  its  readniission.  When 
water  ia  present,  however,  the  motion  continues  even  after  the  air  hm  been 
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eichaugted.     During  the  Tnot'nm,  a  black  film,  conmsting  of  cbAreoAlf  finely 

di  vi*le<l  bi.'^niuth,  imd  buliUlos  of  liydrnijcn  ^as.  h  fWmcd  or*  the  surface  of  the 
water  and  inert  wry.  Tliis  film  is  pushed  aside  hy  the  moving  pieces  of  metal. 
But  if  a  metallic  rod  of  Uigniuth,  asinc,  tin,  iron,  copper,  brass,  or  silver,  bo 
dippe<l,  not  merely  into  the  water  but  into  the  meroiiry  aUo,  the  film 
fjuiekJy  colleeti?  around  it— even  from  a  considerable  distance — and  heapfl 
itself  np  upon  it; — and  this  process  goes  on  till  all  the  potaie$ium  ia 
oxidated.  Rods  of  wood  or  ivory  do  not  attract  the  film; — the  canne  ie 
therefore  electrical  If  the  fioi^itive  and  negative  wires  of  a  Wttery  bo 
immersed  in  the  water — in  such  a  manner  that  neither  or  only  one  of  them 
may  touch  the  inercujy, — the  til m  collects  round  the  negativo  wire;  whilst 
by  the  piJKitive  wire,  it  is  alternately  attracted  antl  repelled:  on  bringing 
the  poyitive  near  the  uet^ative  wire,  the  film  la  driven  away  from  the 
latter.  A  piece  of  the  alloy  of  the  size  of  a  pea  will  sometimes  continue 
to  move  for  several  days. — -When  the  mercury  is  covered  with  solution  of 
common  salt,  the  motion  i.-^  slower  If  a  metallic  roil  bo  then  introduced, 
it  fixes  the  film  and  keeps  tho  enclosed  piece.'^  of  metal  at  rest,  as  long  as 
it  continue!*  imiiionsed.  (Ta«-buhbles  are  likewise  evolved  upou  it. — 
Pieces  of  lead,  tin,  or  iron,  containing  but  t^mall  quantities  of  potassium^ 
and  not  capable  by  themselves  of  dccom posing  water,  move  about  and 
rotate  on  the  surface  of  wet  mercury,  the  motion  being  quicker  as  tho 

f>ieces  are  Rmaller, — Alloys  of  sodium  with  antimony  or  hi -^m nth  behave 
ike  those  of  potassium. 

These  motions  proceed  from  the  evolution  of  hydrogeti  ga^ ;  for  an 
alloy  of  antimony  with  a  largo  quantity  of  potassinm  moves  a  little  when 
simply  placed  on  the  surface  of  water  or  alcohol,  and  always  in  a  direction 
oppo.sitc  to  that  in  which  the  greatest  evolution  of  gas  takes  pJace. — 
Truces  of  bismuth,  tin,  lead,  cojqier,  and  silver,  dissolved  in  mercury, 
separate  on  tlie  addition  of  potjissium-amalgtim  and  water,— beeaoj»e  an 
evolution  of  hydrogen  gas  takes  place  on  the  bismuth,  ^c.  (SernllnSj  */* 
Pht/»,  fH,  ITO;  93,  120;  Ann.  CAinu  Pk^s.  34,  ld2.^-Comp.  Ermah, 
Glib,  28,  353.) 

2.  A  »|ua«tity  of  mercury  in  a  basin  is  covered  to  the  depth  of  a  lino 
w*ith  solution  of  common  salt,  a  small  crystal  of  sulphate  of  copper  placed 
upon  it,  and  an  iron  wire  made  to  dip  through  the  solution  into  tho  mer^ 
enry.  The  film  of  metailie  chloridei?t  which  bad  previt>usly  formed, 
immediately  fciplits. — the  mercury  becomes  brrghtj, — and  vortical  eurrents 
are  produced,  proceeding  from  the  cryKta!,  The  crystal  moves  and  turns 
itself  about  in  varioui?  directions, — diminishes  in  sire.^and  ditgolvei?  much 
more  quickly  than  it  would  if  tlie  iron  were  not  there;  when  it  is  com- 
pletel y  dissolved,  the  motion  eea.Hes,  \\  hen  the  cryf^tal  touches  the  mercury, 
it  moves  about  the  surface  in  circles  in  a  very  curious  manner.  Zinc, 
bismuth,  lead,  and  copper,  act  like  iron;  antimony,  silver,  gold,  and  pla- 
tinum, on  the  contrary,  produce  no  effect.  When  the  mercury  has  been 
used  f^eveml  times  for  this  experiment,  and  thereby  becomes  loaded  with 
copper,  the  motion  is  produced  without  the  assistance  of  iron ;  and  in  the 
Mme  manner,  copper-amalgam  will  also  produce  it  without  iron. — Mer- 
cury placed  in  contact  with  iron  and  solution  of  common  salt,  al-wi  jgives 
rise  to  currents  in  the  sol  at  ion  ^  without  tho  a$^ista,nce  of  sulphate  of 
copper, — but  this  motion  is  very  diflerent  from  that  just  described. — Tf 
tlie  niercury  be  placed  in  a  coT)per  vessel  lined  with  blotting-paper,  the 
motion  is  produced,  a*  soon  as  the  copper  and  mercury  are  connected  by  a 
platinum  wire. 

Sal-ammoniac,  cldoride  of  potassium,  chloride  of  aluminum,  sesqut- 
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chloride  of  clirommiti,  find  protorlilnriile  of  iron,  a«t  mueli  3ess  Btron*Iy 
than  cummon  salt;  chloride  of  barium  and  chloride  of  calcium  act  only  in 
the  dilute  jitate,  and  ftjr  the  imj>?t  p:irt  hut  fecblj.  No  action  is  produced 
by  perchloride  of  iron,  chloride  of  copper^  protochloride  of  mercurj,  or 
chloride  nf  platmnnri;  or  by  chlorate  of  potash*  iodide  of  potassium,  suits  of 
»ulphnric  or  nitric  acid,  concentrated  hydrochloric  acid,  aqueona  solution 
of  tartaric  or  oxalic  acid.  In  dilute  sulphuric  acid,  the  crystal  moves  at 
first,  hut  eoon  becomes  covered  with  a  red  coating  of  copper,  and  la 
brought  to  rest.  Dilute  nitric  acid  produces  motion^  merely  with  merenry 
and  iron;  hut  the  addition  of  ^rulphate  of  copper  greatly  increases  the 
effect.  Sulphate  of  copper  maybe  repla-ced  by  piecea  of  chloride,  nitrate, 
or  acetate  of  copper;  with  the  first  of  these  salts,  however,  the  motion  is 
ill  defined,  because  the  sohition  is  too  rapid. — and  with  the  la^t,  hf*causeit 
is  too  slow,  Borate  and  phosphate  of  copper  act  only  on  the  addition  of 
nitric  acid  to  the  solution  of  common  salt.  Salts  of  bismuth  snbf?titnte*l 
for  sulphate  of  copper  produce  a  slight  motion;  walti*  of  tin^  a  stronger  one, 
salts  of  zinc,  lead,  manganese,  and  iron,  none  at  alL  Nitrate  of  siWer 
produces  rapid  motion,  if  dilute  nitric  acid  be  substituted  for  sohition  of 
common  wait.   (Hunge,  Ft^gg.  8,  106.) 

Merctiry  containing  a  «mall  quantity  of  Einc  in  sohition  acts  power- 
fully with  solution  of  common  salt  and  solid  sulphate  of  copper  without 
iron, — or  with  solution  of  corrosive  sublimate  and  solid  corrosive  sublimate 
or  sulphate  of  copper.  (PoggendortF,  ^^t)-  **»  1*2)* — "^he  addition  of 
hydrochloric  or  sulphuric  a^^id  to  the  solution  of  common  salt,  accelerates 
the  motion  of  the  sulphate  of  copper.  Again,  if,  in  place  of  the  crystal^  a 
drop  of  solution  of  sulphate  of  copper  be  added  to  the  solution  of  conimon 
&alt»  the  mercury  acquires  a  trembling  motion ^  which  is  communicated  to 
any  light  particles  that  may  be  floating  in  the  upper  liquid.  (Gni.) 

3.  When  a  drop  of  a  mixture  of  ordinary  nitric  arid  with  an  equal 
qoantity  of  water  is  placed  upon  mercury,  it  spreads  itself  over  the 
iurface.  On  dipping  an  iron  wire  into  the  mercury,  the  acid  instantly 
collects  round  it,  while  a  jerking  motion  is  communiciited  to  the  mercury; 
on  withdrawing  the  wire,  the  acid  again  diftuses  Itself  over  the  surface. 
This  phenomenon  is  not  exhibited  by  hydrochloric  or  sulphuric  acid.  A 
globule  of  mercury,  four  lines  in  diameter,  completely  covered  with  nitric 
aeid,  acquires,  on  the  immersion  of  an  iron  wire,  a  violently  tremulous, 
nod  often  a  regular  rotatory  motion. — which  is  likewise  communicated  to 
the  iron  wire,  if  it  be  laid  in  tho  proper  direction.  The  motion  of  Ihe 
mercury  continues  for  a  considerable  time,  the  wire  being  at  the  same 
time  strongly  attacked; — and  a.s  the  mercury  comes  to  rest,  the  acid — 
which  gradually  assumes  a  greenish  brown  tint — is  thrown  into  a  state  of 
violent  roftatory  motion;  at  the  same  time  a  film  collects  round  the  wire,  the 
rest  of  the  mercury  remaining  bright ;  and  when  the  wire  is  withdrawn, 
the  tilm  spreads  itself  over  the  entire  surface.  2incand  cadmium  cannot  ho 
substituted  for  the  iron, — probably  because  they  amnlgamate  too  quickly- — 
The  U-tube  {App,  4)  containing  mercury,  and  nitric  acid  being  put  into 
the  arm  6  iibove  the  mercury,^ — aho  an  iron  wire  being  made  to  dip  into 
the  mercury  in  a  and  another  into  tho  acid  in  6, — the  mercury  in  6  falls 
li^ilf  a  line,  whenever  the  projecting  ends  of  tho  wires  are  miifle  to  touch  ono 
ftnolher;  bubbles  of  gas  are  formed  on  the  surface  \A  the  mercury,  and  move  to 
and  fro  every  time  the  circuit  Is  oj>euedand  closed;  and  above  the  mercury, 
there  is  formed  a  greenish  brown  solution  of  iron  (proton itrate  of  iron 
contaming  nitric  oxide),  which  is  driven  to  tho  top  when  the  circuit  is 
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closed.  When  solution  of  the  iron  nltimately  takes  place,  attended  with 
evolution  of  gas^  the  peculiar  p  Leo  omen  a  disappear.  (Runge, /'osr5?.  15, 
93.) 

4.  If  a  globule  of  mercury  at  the  bottom  of  a  solution  of  subnitrate 
of  mercury  (which  had  better  consist  of  1  measure  of  a  solution  of  gp.  gr. 
1^28  prepared  in  the  cold,  and  containing  no  more  free  acid  than  is  neoes* 
siiry,  diluted  with  2  measures  of  water)  be  touched  with  a  strip  of  line, 
the  mercury  will  run  up  the  zinc  with  great  rapidity,  then  fall  down 
agaiu;  and  so  on, — at  the  same  time  producing  currents  in  the  solution, 
either  till  all  the  zinc  is  destroyed,  or  the  mercurial  solution  exhaustAid. — ■ 
If  a  strip  of  zinc  3  lines  long  be  laid  on  a  globule  of  mercury  from  1  to 
1 1  line  in  diameter,  contained  in  a  small  saucer,  under  a  solution  of  snb- 
nit rate  of  mercury, — the  mercury,  as  soon  as  it  has  wetted  the  zinc,  begins 
to  intive  by  fits  and  gtarti^ — is  violently  thrown  to  and  fro — ^nd  presetitly 
ac<juires  a  rotatory  motion,  running  round  a  circle  \  of  an  inch  in  dia- 
meter at  least  thirty  times  in  a  minute.  When  all  the  mercurial  solnlion 
is  decomposed,  or  a  sufficient  quantity  of  zinc  is  dissolved  in  the  mercury, 
the  moti*>n  snddenly  stojjs.  Other  metals,  t.  g,  iron,  do  not  produce  this 
effect. — The  motion  stops  as  soon  as  the  mercury  has  dissolved  ^^  asinc; 
it  may  therefore  be  immediately  stopped  by  adding  a  llttlo  zinc-amalgam 
to  the  mercury.  The  rotation  appears  then  to  depend  on  the  formation 
of  an  amalgam  of  xinc,  and  to  cease  as  soon  as  thi^  substance  is  formed. 
(Range,  Fogg.  16,  304;  17,  437.) 

2«     Om  Metal  and  one  Liquid* 
a.   When  only  one  piece  of  Metal  corner  in  emitaet  t&ith  (Jte  Liquid, 

When  dilute  sulphuric  or  nitric  acid  is  poured  upon  iron  filings, 
giving  rise  to  the  evolution  of  hydrogen  or  nitric  uxide  gas,  negative  elec- 
tricity uppeard  in  the  residue.  '(Lavoisier  &  Laplace,  CrdL  Ann.  1788, 
1,  3r>L)»-\Vhen  an  acid  is  dropped  on  an  oxidable  metal  in  a  state  of 
ignition,  the  metal  becomes  negative,  while  the  vapour  exhibits  positive 
electricity.  (De  la  Rive.}— When  pulverized  nitrate  of  copper  is  wrapped 
up  in  tinfoil,  decomposition  ensues,  attended  with  emis*iiuu  of  sparks  and 
evolution  of  L'as, — find  negative  electricity  appears  In  the  resultinir  pro- 
duet,     {R.  Bottger.) 

[Metals  during  oxidation  give  out  negative  electricity,  which  mtisi 
be  taken  up  by  the  hydrogen  or  nitric  oxide  gas  evotved.  But,  in  conse- 
cjuence  of  the  rapid  evolution  of  gas,  tliis  transference  of  electricity  is  not 
complete;  the  gases,  therefore,  take  the  required  quantity  of  negative 
electricity  from  the  electricity  which  is  in  the  latent  state;  and  henco 
they  appear  positively  electrized,  whilst  negative  electricity  appears  in 
the  residue,] 

6.   When  tvfo  pieces  of  the  same  Metal  dip  into  one  Liquid, 

The  two  pieces  of  metal  l>eing  connected  by  a  galvanometer,  a  feeble 
current  is  produced,  in  those  crises  only  when  some  difference  exists  in  the 
physical  character  or  in  the  surface  of  the  pieces  of  metal,  or  in  the  tetu* 
perature  or  conij)o>ition  of  the  litjuid  in  ditferent  parts. 

Uiffaent  physical  const  Uut  ton  vf  (he  pieces  ofmetaL — Soft  copjier,  iron 
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or  xinc  in  dilute  Bulpliuric  acid  is  neijative  towanls  the  same  metal  bar- 
ilciieil  as  much  n^  possible  by  hamraering.  Soft  steel,  on  the  contrary,  is 
pusitive  tou'iinls  liarJ  steel.  (Hitchio.) — Spongy  platinum  in  dilute 
sulpliuric  €»r  nitric  aciil  is  negative  towanltsplittinum  wire.     (De  la  Itivc.) 

iJiferent  mafjnitude  and  smoothness  of  surface. — If  a  small  piece  ot 
zinc  foil»  mid  another  piece  twenty -four  times  as  large,  are  immersed  In 
cold  dilute  acid,  the  fiirmer  in  positive;  b^it  in  stronger  acidj  Ci>pecially 
when  hoated,  the  larger  piece  is  positive.  (Vliet  d;  Haaxmann,  N,  J}7\ 
ArchliK  3,  131.) 

If  the  sarface  of  a  zine  plate  be  increased  twofold  by  cutting  into  it 
with  a  file,  this  plate  will  be  ^strongly  negative  in  nitric  acid  towards 
another  of  the  same  eizCj  but  having  a  smooth  surfiice, — although  the 
rou^h  plate  will  he  most  rapidly  oxidatefl,  (Ritchie^  N^  Edinh.  J.  ofSc, 
2,  150.) 

In  water  containitig  but  a  small  quantity  of  sulphuric  or  nitric  acid,  a 
birge  zinc  plate  ih  negative  towards  a  small  one.  With  a  larger  quantity 
of  timlf  and  particularly  when  the  liquid  m  heated,  the  current  goes  the 
eontrax}^  way,     (Oerstcdt.) 

Wbetlier  the  plates  are  equal  or  unequal  in  size,  tbey  give,  when 
siruultimeou.sly  immersed  in  acidulated  water,  either  a  feeble  current 
which  soon  ceases,  or  no  current  at  all.  In  dilute,  as  well  as  in  mode- 
rately strong  sulphuric  acid,  the  narrower  zinc  plate  is  almost  always 
negative,— rarely  positive.  The  current  appears  to  be  produced  only 
when  the  two  plates  are  not  immersed  exactly  at  the  same  time.  (Wetz- 
lar)^\Valcker  also  did  not  obtain  any  satisfactory  results  with  plates 
of  ditttjront  sizes,  and  having  surfaces  of  diflerent  degrees  of  smoothness. 

[Compare  Zaml>oni*s  piles  with  two  elements,] 

Dlffertnce  in  ckanlin^s^  of  surface. — Copper  covered  with  oxide  is  ne- 
gative, in  solution  of  nitre,  towards  clean  copper.  (Becqnerel.) — In  dilute 
Bulphuric  acid, — ^zinc,  tin,  lead,  iron  and  copper,  oxidated  on  the  surface, 
are  negative  towards  the  same  metals  with  bright  surfaces.  (Mariaoini.) 
— Zinc,  tin,  iron,  or  copper,  after  being  heated  in  the  air  till  it  tarnishes, 
is  negative  towards  bright  metal,  in  acid,  alkaline,  or  saline  liquids, 
(H.  Davy.) — In  hydrosulphate  of  potash,  copper  covered  with  sulphuret 
is  negative  towards  clean  copper,  but  positive  towards  the  same  metal 
lieated  in  the  air  till  it  lia=j  beconie  tarnished,  (H.  Davy.)^ — Tin  which 
has  become  dull  by  immersion  in  nitric  acid,  is  negative  in  solution  of 
potash  towards  clean  tin. — but  exhibits  a  positive  reaction  after  the  latter 
has  abo  becimie  dull.     (H.  Davy,) 

In  dilute  sulphuric  acid  or  sulphate  of  soda,  copper  wire,  proviouslj 
immersed  in  solution  of  blue  vitriol,  is  negative  towards  ordinary  copper 
wire.  So  likewise  is  copper  wire  which  has  been  immersed  in  nitrate  of 
copjjer,  towards  ordinary  copper  in  nitric  acid.  In  hydrochloric  acid,  pla- 
tinum wire  covered  with  chloride  of  platinum,  is  negative  towards  the 
same  wire  in  its  ordinary  state.  (W^alcken)  [In  these  ciLses,  the  com- 
bination of  the  enveloping  liquid  with  the  second  liquid  must  also  be 
taken  into  consideration,] 

Different  times  of  tj/iniernoti, — Wlien  two  equal  pieces  of  the  same 
metal  are  immersed  in  one  of  the  following  concentrated  solutions,  tlie 
piece  first  immersed^  is,  according  to  Yelin,  positive  or  negative, — and  pro- 
duces Tarious  degrees  of  deHoctiouj  as  indicated  by  the  signs  and  nnnibera 
in  the  following  table. 


YOL.  1, 
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Zn.      So.       Pb.       Fo.      Sl>.      Bi.      Cu,    Bw».      Ag.       An. 
Phiisplioiic  acid  +10     —  a|     +  a      +24+2*    — 1|   —  1|—  2^     +     *+     |4^l 


1 


HTdrochloric  „    +50     —  6       +  fii    +17     —16      +g     —15     +10      +10 

Nitric  „    -64     -10      -fiO     -JW     -ao     ^4    -  B     -10      +15     -30     +   6 


Siiluburie       „    -1ft     -a       +0      +4      +1      -!i     -20     *-   I4     +8     +   U    +   I 
~  -  -  -         '       +  34    +   1 

-30     + 
Tttrtaric  „    +6+1+1+8^+  ++  +1+1+  + 

Acetic  „+|4.^     +     |+2+  +—         +  +1+  + 

Ammonfii    .,-.   +   14—1      —  I     —     4+1      +1     +     4+1      +24   +   li+l 

Fotath +40     +5       +4     —     4+5      +14   —3     +I4+     |+     |+J0 

Soda... +10     +  «       +   0      +  +   a     — 8     +10      +   $4     +     f   +  I      +      i 

Sdl^ainmoniac..   +   i5     +     4      +24+8     +1      _|+J4+fi      +38     4-     4    + 
Coroinomalt..   +3+  +1+1+3-       _         —  +0+1      + 

Alum 4-3     +     *     +1     +4-*         --1+     4-1      +8     +1      + 


I 


I 
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In  aBotber  experiment  of  Yelin's,  the  platinum  or  silver  first  im- 
mersed in  fliilpburic  acid,  was  negative.  [Many  accidental  circumstances 
may  have  influenced  the  results  of  the  foregoing  table;  it  ii*  remarkaWd 
ibat  the  actions  in  potash  and  so«ia  often  eiliibit  »jpposite  charaeters.  The 
negative  rcactic^n  of  the  j^ieco  first  immersed  in  sulphuric  acid  ia,  however, 
con  8  tan  t,] 

If  two  pieces  of  zinc  are  successively  immersed  in  hydrochloric  ftctdi 
the  piece  first  immersed — which  is  positive — retains  this  character,  eyen 
when  both  pieces  are  takea  out  and  then  put  in  again  in  the  reverse  order* 
(Yelin,) 

Of  two  pieces  of  «iiic,  tin,  iron,  or  copper,  the  one  first  immersed  in 
dilute  acids,  alkalis,  or  .mtine  solutions,  is  negative  towards  the  other;     fl 
because  a  film  of  oxide  colleots  npon  it  [7]:  in  concentrated  solution  of     V 
potash,  also,  the  first-immersed  piece  of  zinc  or  tin  is  negative.  (H.  Davy.) 

The  first-immersed  piece  of  zinc  ia  jwsitive  towards  the  other  in  a 
mixture  of  1  jart  of  oil  of  vitriol  and  100  parts  of  water  (Mariunini);  also 
in  a  mixture  of  1  part  oil  of  vitriol,  1  part  nitric  acid,  and  "lO  part«  wator 
(Oerstedt);  in  oil  of  vitriol,  on  the  contrary,  it  is  negative  (Wetzlar),  but 
the  curretit  soon  ceases,  {Buff.) — Similar  relations  are  exhibited  by  lea^L      ^ 
— When  platci?  of  xinc,  tin,  lead,  or  iron,  are  left  in  oil  of  vitriol  in  con-     H 
tact  with  platinum,  till  the  current  ha«  reached  its  minimum, — they  exhibit      ^ 
a  negative  rcaetioM  towar<ls  a  plate  of  platinum  subsequently  put  in  con- 
nection with  them.  (Butt) 

If  a  zinc  (tin,  or  copper)  plate  bo  left  for  some  time  10  water  acidu- 
lated with  !?ulphnric  acid,  another  for  an  equal  time  in  solution  of  com- 
mon salt,  ami  both  plates  sulmequontly  immersed  in  solution  of  salt,  the 
first  will  be  positive  towards  the  second.  (Marianini.)  [Some  acid  may 
remain  attached  to  the  first.] 

The  fir 6!t  immersed  zinc  plate  is  positive  towards  the  last  in  dilute 
fiulphurii*  ncidt  negative  in  solution  of  ammonta,  negative  also  in  dilute 
nitri*^  aciil, — ^the  more  strongly  in  proportion  to  the  length  of  time  for 
which  it  is  immersed  before  the  other; — and  the  plate  wliich  was  first  im- 
mers^ed  in  nitric  acid  [covered  with  oxide,  therefore]  is  found  to  be  ne- 
gative towards  the  one  which  wa.s  immersed  last,  when  both  plates  ure 
plunged  into  rlihite  sulphuric  acid  or  salt  water.   (Marianini.) 

If  a  piece  of  tin  or  iron  be  immersed  in  oil  of  vitriol  for  a  short  time 
only,  it  exhibits  a  positive  reaction  towards  a  piece  afterwards  intro^Ineed; 
but  if  the  first  piece  remains  iu  the  acid  till  [from  the  fomiation  of  a 
crust  of  sulpliato]  the  evolution  of  ga^  cea?es,  it  is  found  to  be  negatira 
towards  a  piece  subsequently  immersed.  (Butf ) 

Two  wires  of  tin,  lead,  iron*  or  copper,  dipped  at  the  same  time  into 
hydros ulphate  of  potn^nh,  produce  no  current:  but  the  one  lirst  immersed 
is  negative;  Wcauseit  becomes  covered  with  metallic  sulphuret, — inconse- 
queoco  of  which  it  exhibits  a  negative  reaction  towards  clean  wire  in  other 
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liquids, — In  ili6  oa86  of  flilTor  or  paltadiiim,  an  ibe  coDtmry,  tiio  piece  iirt^t 
imniersed  h  positive,  becanfte  sulphuret  of  silver  (or  galplmret  ©f  palla- 
diom)  is  more  positive  than  the  pure  metal,  (H,  Davy,) 

Of  two  plates  of  lead  or  iron  inimerseil  in  cono4jntrat<Kl  nitric  acid,  the 
one  lirnt  immersed  is  negative  towards  tie  other.  (Marianini,) 

Iti  nitrate  of  gilver,  the  first  immerHod  plate  of  iron  is  very  iveakly 
negative.  (Fechner.) 

The  plate  of  brass  or  copper  first  immersed  in  nitric  acid,  the  plate  of 
copper  fii-st  immersed  in  ammonia,  and  the  plate  of  platinum  fir«<t  im- 
mersed in  aqna  regia,  ia  positive  towards  the  one  last  immersed.  (Bec- 
querel) 

In  the  yellow  solution  of  tfulphuret  of  potasaimn,  first  one  and  then 
the  other  piece  of  copper  or  silver  is  positive j  and  at  the  moment  of 
change,  a  film  of  sulphuret  forma  on  the  one  which  becomea  positive. — 
The  electric  states  of  two  pieces  of  silver  immersed  in  hydrochloric  acid 
likewise  eicperietieo  sudden  changes.  (Faraday.) 

When  two  plates  of  gold  are  successively  immersed  in  nitric  acid 
containing  a  little  hydrochloric  acid,  the  one  first  immersed  ia  negative. 
So  likewise  with  platinnm,  cxcoptig  that  the  current  is  stronger.  (If 
then,  gold  be  immersed  Jirst,  and  platinum  afterwank,  in  aqua  regia,  the 
gold  will  be  less  positive  than  when  it  ia  immersed  last.)     Marmuinu 

The  fir«t  immorijed  plate  of  platinum  is  positive  towards  the  second 
in  sulphuric  acid,  hydrochloric  acid,  nitric  acid,  aqueous  solution  of 
potash,  solution  of  common  salt,  spring  water,  or  acetate  of  lead:  on  the 
contrary,  it  is  positive  in  sulphurous  acid,  wulfdiate  of  copper,  nitrate  of 
silver,  and  solution  of  liver  of  sulphur*   (Fechaer.) 

[The  causes  of  the  electric  current  produced  on  the  successive  immer- 
sion of  two  pieces  of  the  same  metal  may  be  the  following.  (T.)  The 
piece  of  metJil  fir^t  immersed  is  freed  by  the  action  of  an  acid  from  a  film 
of  oxide,  and  thuH  rendered  more  positive,  (2.)  Its  surface  is  roughened, — 
and  thereby,  both  the  action  of  the  acid,  and  possibly  also  the  direct  pas- 
sage of  the  negative  electricity  to  the  electro-positive  element  of  the  liquid, 
facilitated,  (3,)  Negative  electricity  accumulates  in  the  piece  first  im- 
mersed,— and  thereby  an  electric  current  is  excited  in  the  direction,  which 
makes  it  appear  positive,  (4,)  The  piece  first  immersed  may  liecome 
coated  with  foreign  substances  (iron  and  tin  in  nitric  acid  with  oxide, 
tint!  ur  lead  in  oil  of  vitriol  with  a  metallic  r^alt,  copper  in  sulphuret  of 
potassium  with  sulphuret  of  copper),  which  weaken  the  action,  and  thn« 
render  the  metal  negative.] 

Motion, — If  two  pieces  of  tin  immersed  in  dilute  nitric  acid  give  no 
current,  or  if  the  one  last  immersed  is  positive,  the  other  may  be  made 
positive  by  agitating  the  llqaid.  With  hydrochloric  acid  the  action  \b 
weaker,  (t'araday.) 

Rubbing  one  of  the  pieces  of  metal  always  makes  it  positive,  even 
when  all  rise  of  temperature  is  avoided,  (Walcker.) 

[The  motion  may  free  the  metal  from  adhering  oxide,  or  from  liquid 
partly  saturated.] 

When  two  platinum  wires  are  immersed  in  a  mixture  of  1  part  hyjio- 
nitric  acid  and  1  part  water,  and  the  current  at  first  excited  entirely 
cea:?es  after  a  few  seconds,  either  of  the  wires  may  be  rendered  negative 
by  taking  it  out  of  the  liquid  for  a  second  and  dipping  it  in  again, 
(Faraday.)  [The  acitl  takes  up  oxygen  when  exjx»sed  to  the  airj  and  the 
cnrrent  is  probably  due  to  the  mixture  of  the  acid  thna  altered  with  the 
rest  of  the  Liquid,] 
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^'ipp^r  prrr/jajs-r  tLsfii^^M   is  ar?rTintaDe-i    Jtt  :::      Siett.  is.  iea«.  »  die 

ao^  1«  ''j.nn^rrjtti  wirii  t2i#»  r^iVper — co  i  ma;?D»-H3t?ja  Jt  i£^?«iff  ia  ike  two 

togiHii^r  witk  rr*pp^r  pT»vir>asij  'ilsKii.^'i'L  O)  tk»?  cwpper.^ 

^^Ti^n  iiaM  snJi  wft  rr^pp^r  ar«!  rnnxier?e«i  in  wafier.  tSe  fonner  iff  POA- 
tiwf:  fp,  ^^/y;  b<it  If  a  little  ?alpiiarur.  nitric,  or  kT^irrjcliKjne  mdd  he 
mUfAiir^i  mt/t  the  wax^r  coatainmz  tiie  har»i  ct?pper.  the  dedecUoa 
tmrn^isLUlj  inereMes :  on  tlie  other  Land,  the  aJ«iitioa  o/  a  little  kjpo- 
n  J  trie  a/ri/i  rarxjieJ!  it  to  dimrniah;  and  when  a  larger  qnandtj  is  ^Medy  the 
enrr^t  U  rererj^e^L  CRitehie.) 

7!^>?  li/piiA  in  r.f/ritart.  uritA  the  nffjaiivf  mrtat  u  oil  of  vitriol.  W'ben 
y.lnf:  \h  immftT^'A  in  concentrated  nitric  acid,  and  copper  in  oil  of  vitriol 
(Ajtft,  4),  th^  f:ft\tytT  Lrt  wtron^y  pr/eitire;  i.f.,  (according  to  De  la  Rive) 
po«itire  el/*etridty  goeM  from  the  zinc  thron^h  the  galvanometer  to  ike 
copfiOT^wbich  circunutaoee  \m  attributed  by  De  la  Riveto  the  difficulty 
Wj0^^^  potitire  electricity  finda  in  poasiiig  from  the  oil  of  ritriol  to  m 
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meiaL     According  to  MarianiDi,  ou  tiio  contrary,  the  21110  la  strongly 
jHJfiitive. 

T/i€  liquid  iji  contact  with  tfie  negative  metal  %9  strong  nitric  a^id,^ 
Zinc  being  immerBed  in  oil  of  vitriol,  and  copper  in  etrong  nitric  acid, 
(App.  4)  t!ie  zinc  h  pueitivo,  though  the  copper  is  most  strongly  attacked. 
Tho  current  is  however  not  so  strong  ws  when  the  zinc  is  place"!  in  nitric 
acid  and  the  copper  in  oil  of  vitriol:   (soe  above),     De  la  Rivo. 

If  an  outer  vessel  contains  strong  nitric  acid— or  a  mixture  of  equal 
parU  of  strong  nitric  acid  and  oil  of  vitriol,  which  works  equally  well, — 
and  if  in  tlm  hquid  there  is  immersed  a  plate  of  platinum,  and  a  vessel 
ofporoujs  earthenware  containing  an  amalgamated  zinc  plate  and  filled 
with  one  of  the  following  liquids — which  are  enumerated  in  the  inverse 
order  of  the  strength  of  their  action  {dihite  hydrofiuorio  acid,  hydrochh^ric 
acid,  eulphurie  acid,  phosphoric  acid,  solution  of  potash — whicli  however 
stops  up  the  pores  of  the  earthen  vessel  with  crystallized  nitrate  of  potash 
^^soda^  common  salt,  nitre,  chlorate  uf  potash,  iodide  of  potassium,  spring 
water,  rain  water,  distilled  water),— a  very  powerful  electric  current  is 
produced.  The  dilute  hydrochloric  acid  consists  of  1  part  of  concen- 
trated acid  and  from  2  to  2^  part8  of  water;  the  dilute  sulphuric  acid,  of 
1  part  oil  of  vitriol  and  from  4  to  5  parts  water.  When  tbe  circuit  is 
closed*  the  nitric  aci<i  turns,  first  yellow^  then  green,  then  bluo,^ — afterwards 
becomes  colourless  and  evolves  nitric  oiide— and  finally,  hydrogen  gae  at 
the  surface  of  the  platinum  plate.  The  dissolved  rinc  remains  almost 
wholly  outside  the  vessel  containing  the  nitric  acid.  When  the  circuit 
is  kept  closed  for  a  longtime,  the  liquids  become  very  hot  >  The  nitric 
acid  must  be  highly  concentrated,  and  renewed  as  soon  as  hydrogen  gaa 
makes  its  appearance  at  the  platinum  surface* — When  zinc  is  in  contact 
only  with  dilate  sulphuric  acid  and  platinum,  it  hjis  to  overcome  the 
groat  affinity  of  oxygen  for  hydrogen ;  but  when  nitric  acid  is  present, 
the  hydrogen  tjejmrated  from  the  water  is  curried  over  by  transposition 
to  the  nitric  acid — combines  with  part  of  the  oxygen  of  that  substance — 
and  liberates  nitric  oxide*  Hence,  in  this  case,  the  combination  of  the 
ainc  with  the  oxygen  of  the  water  is  opposed  only  by  the  much  smaller 
affinity  of  nitric  oxide  for  oxygen, — and  consequently  the  solution  of  the 
sine  goes  on  much  more  quickly,  and  the  electric  current  is  proportionately 
stronger*  (Grove.)  [If  the  nitric  acid  were  in  immediate  contact  with 
the  stinc,  the  greater  part  of  the  negative  electricity  would  be  lost,  in 
consequence  of  the  purely  cbemical  action  thereby  proiluced ;  with  amal- 
gamated zinc  iu  dilute  sulphuric  acid,  on  the  contrary,  no  purely  chemical 
action  takes  place,  the  action  heing  entirely  electro-chemical,  (p.  340)]. 

If  the  outer  vessel  contains  an  amalgamated  zinc  plate  immersed  in  di- 
lute sulphuric  acid,  and  a  tube  of  gypsum  dipping  into  it  is  filled  with  nitric 
acid  of  1*5  sp,  gr.  with  a  piece  of  iron  immerjsed  in  it,  a  current  is  pro- 
duced strong  enough  to  decompose  water.  But  as  soon  as,  in  the  course 
of  the  experiioent,  the  nitric  acid  has  attained  a  certain  degree  of  dilution, 
the  passive  iron  dissolves  with  violent  eflen^escence*  The  wire  outride 
the  acid  sutTers  still  more  from  the  nitrous  vapours;  hence  it  rauat  bd 
coated  with  wax.  If  iron  instead  of  zine  is  immersed  in  the  dilute  sul- 
phuric acid,  the  action  is  the  same,  hut  continues  for  a  shorter  time;  and 
the  passive  iron  in  the  nitric  acid  dis?*olves  more  quickly.  The  addition 
of  nitrate  of  mercury  to  the  nitric  acid  retards  the  solution  of  the  iron  in 
the  nitric  acid  for  a  somewhat  longer  time;  but  this  salt  crystalliKes  in 
the  gypsum  tube  and  cracks  it.  (Hawkins,  FhiL  Mag,  J.  16,  115.— 
Grlier«  Apparatus,  Fogg,  51,  38L) 
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served  I  When  a  small  quantity  of  potash  is  pro&ent,  a  little  of  tl 
dLsaolves,  atnl  the  copper  is  completely  protct'led ;  wlieii  the  rpiaii 
potash  becomes  greater,  neither  iron  nor  copper  m  tlissolved;  antl  \Tith  a 
still  greater  t|uantitj  of  potash,  the  capper  beeomes  pofiitire  and  diwolve*, 
the  iron  doea  not,  (H.  Da^'y.) 

T/ui  liquid  in  contact  with  the  mgaiive  metal  u  dilute  add. — When 
zinc  16  placed  in  aqueous  solution  of  potash,  anrl  copper  in  dilute  at'id,  a 
very  strong  current  is  produced.  (H,  Davy,  Berzeliug,  Walckor.)  A 
feebler  current  b  excited  when  a  neutral  compound  of  the  acid  and  alkali 
is  interposed  between  the  xiuc  and  copper,  and  the  feeblest  of  aJl  when 
the  arrangement  ia — zinc,  acid,  alkali,  copjter.  Tliis  arrangement  of  eub- 
Btanoes  always  arises  in  the  cour:?e  of  the  action  of  a  galvanic  circuit;  and 
oonaeqttently  the  current  is  constantly  diminiiihjng.  (Berzelius,) — When 
zinc  ie  immersed  in  water^— and  lead,  jron»  copper,  or  brass,  in  dilute  eul- 
phuric  acid, — the  zinc  is  positive. — So  likewise,  lead  immersed  in  water  i« 
positive  towards  iron,  copper,  or  bra^s,  in  dilute  sulphuric  acid.  Never- 
theless, the  metals  immersed  in  the  acid  arc  always  the  most  strongly 
attacked, — If  zinc  is  immersed  in  dilute  sulphuric  acid  (1  oil  of  vitriol  to 
6  water),  and  platinum  in  watery — or  the  contrary,^ — the  zinc  is  alwuys 
positive,  and  produces  the  same  dcflectiou,- — althongh  it  i;^  much  more 
strongly  attacked  in  the  acid  than  in  the  water.  Similarly,  zinc  is  po»i- 
tive  towards  silver,  and  gives  the  same  deflection,  whether  the  zino  is 
immersed  in  water  and  the  silver  in  dilute  nitric  acid,  or  the  contrary. 
The  same  takes  place  with  zinc  and  iron^  or  graphite.  (Marianini.)  [The 
feeble  current  which  zinc  produces  in  water  easily  brings  about  a  transpo- 
sition of  atom^  in  the  acid  liquid;  the  strong  current  which  zinc  might 
excite  when  immersed  in  dilute  acid,  is  for  the  most  part  arrested  in  water, 
"—and  the  Tiolent  action  between  the  zinc  and  acid  becomes  in  great  part 
purely  chemical] 

Zinc  in  a  solution  of  potash  or  chloride  of  calcium  (Berzelius)*  or  in 
pure  water  (Do  la  Rive),  is  positive  towards  copfMjr  in  nitric  acid,  although 
the  latter  is  the  most  strongly  attacked.  As  long  as  the  zinc  immersed 
in  potash  or  chloride  of  calcium  is  not  connected  with  the  copper,  a  briak 
effervescence  takes  place  on  t!ie  surface  of  the  latter,  the  kiuc  remaining 
clean.  But  when  the  circuit  is  completed,  the  zinc  immediately  hecouie« 
tarnished;  the  evolution  of  gas  at  the  surface  of  the  copfM?;r  ceases;  and  the 
copper  previously  dissolved  is  precipitated  on  it.  Such,  at  least,  is  the 
cose  when  several  pairs  of  these  metals  are  united  together,  (Berzelias, 
De  la  Rive.)  [The  greater  affinity  of  zinc  for  oxygen  gives  rise — as  the 
zinc  is  connected  with  the  copper — to  a  transposition  of  atoms  in  the  two 
liquids;  the  oxygen  and  acid  go  to  the  zinc;  the  alkali  and  hydrogen, 
together  with  copper  previously  dissolved,  to  the  copjwr,] 

When  hard  and  soft  copper  are  immer8e<l  in  water,  the  former  is  posi- 
tive (p.  385);  bat  if  a  littlo  sulphuric,  nitric,  or  hydrocliloric  acid  be 
introduced  into  the  water  containing  the  hiird  copper,  the  deflection 
immediately  increases:  on  the  other  hand,  the  addition  of  a  little  hypo- 
nitric  acid  causes  it  to  diminiah;  and  when  a  larger  quantity  is  added,  the 
current  is  reversed.  (Ritchie.) 

lite  liquid  in  contact  with  the  n4'ffntive  metal  is  oil  of  vitriol.  When 
zinc  is  immersed  in  concentrated  nitric  acid,  and  copper  in  oil  of  vitriol 
[App,  4)»  the  copper  is  strungly  positive;  *.  c,  (according  to  Do  la  Rive) 
positive  electricity  goes  from  the  zinc  through  the  galvanometer  to  the 
copper, — which  circumstance  is  attributed  by  De  la  Riveto  the  diflicnlty 
which  the  positive  electricity  finds  in  passing  from  the  oil  of  ritriol  to  the 
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mcta)*     According  to  Marianiuij  oa  tko  contmrj,  the  zinc  is  etrortgly 

Tht  liquid  in  coifUad  with  the  negative  metal  u  strong  nitric  aeid.-^ 
Zinc  beiiig  immersed  in  oil  of  vitriol,  and  capper  in  strong  nitric  acid, 
(App*  4)  the  zinc  is  positive,  though  the  copper  19  most  strongly  attacked. 
The  current  is  however  not  so  etrong  as  when  the  zinc  la  placed  in  nitric 
acid  and  the  copper  in  oil  uf  vitriol:   (see  above).     De  la  Rive* 

If  an  outer  vessel  coii tains  atrong  Ditric  acid^-or  a  mixture  of  equal 
parts  of  strong  nitric  acid  and  oil  of  vitriol,  which  works  equally  well, — 
and  if  in  thi8  liqnid  there  i^  immersed  a  plate  of  platiunni,  and  a  vesinel 
of  porous  eanheuware  cootiiioing  an  amalgamated  zinc  plate  and  filled 
with  one  of  the  following  liquids — which  are  enumerated  in  the  inverse 
order  of  the  strength  of  their  action  (dilute  iiydrofluonc  acid,  hydrochloric 
aciti,  Bulphuric  acid,  phosphoric  acitl,  solution  of  potash^ which  however 
fiiops  np  the  pores  of  the  earthen  vessel  with  cryetallized  nitrate  of  potiieh 
— sodaj  common  salt,  nitre,  chlorate  of  potash ^  iodide  of  potaa^lum,  spring 
water,  rain  witter,  distilled  water), — u  very  powerful  electric  current  ia 
produced.  The  dilute  hydrochloric  acid  coiisiatc!  of  1  part  of  concen- 
trated acid  and  from  2  to  2  J  parts  of  water;  the  dilut^D  sulphuric  acid,  of 
1  part  oil  of  vitriol  and  from  4  to  5  part^  water.  When  the  circuit  is 
closed,  the  nitric  aoid  turns,  first  yellow,  then  green,  then  hlue, — afterwards 
beoomes  colourless  and  evohes  nitric  oxide — and  finally,  hydrogen  gas  at 
the  surface  of  the  platinum  plate.  The  dissolved  zinc  remains  almost 
wholly  outside  the  vessel  containing  the  nitric  acid.  When  tbe  circuit 
is  kept  closed  for  a  long  time,  the  liquiib  become  very  hot.  The  nitric 
acid  must  be  highly  concentrated,  and  renewed  as  soon  as  hydrogen  gaa 
makes  its  appearance  at  the  platinum  surface. — When  zinc  is  in  contact 
only  with  dilute  sulphuric  acid  and  platinum,  It  has  to  overcome  tho 
great  affinity  of  oxygen  for  hydrogen;  tut  when  nitric  acid  is  present, 
the  hydrogen  separated  from  the  water  is  carried  over  by  trunsposition 
to  the  nitric  acid — combines  with  part  of  tho  oxygen  of  that  substance^ 
and  liberates  nitric  oxide.  Hence^  in  this  case,  the  combination  of  the 
ainc  with  the  oxygen  of  the  water  is  opposed  only  by  the  much  smaller 
afiLnity  of  nitric  oxide  for  oxygen,— and  consequently  the  solution  of  tho 
xinc  goea  on  much  more  quickly,  and  tho  electric  current  is  prc^portionately 
stronger.  (Grove.)  [If  tho  nitric  acid  were  in  immediate  contact  with 
the  ainc,  tho  greater  part  of  the  negative  electricity  would  bo  lofit,  in 
consequence  of  the  purely  chemical  action  thereby  produced ;  with  amal- 
gamated zinc  in  dilute  sulphuric  acid,  on  the  contrary,  no  purely  chemical 
ncLion  takes  place,  the  action  being  entirely  electro-chemical,  (p.  349)]. 

If  tho  outer  vessel  contains  an  amalgamated  zinc  plate  immersed  in  di- 
lute sulphuric  acid,  and  a  tube  of  gypsum  dipping  into  it !.«  filled  with  nitric 
acid  of  1*5  sp.  gr.  with  a  piece  of  irf:>u  immersed  in  it,  a  current  is  pro- 
duced strong  enough  to  decompose  water.  But  as  soon  as,  in  the  course 
of  the  experiment,  tho  nitric  acid  has  attained  a  certain  degree  of  dilution, 
the  passive  iron  dissolves  with  violent  efl'ervescence.  The  wire  outside 
tho  acid  sutlers  still  more  from  the  nitrons  vapours;  henco  it  mast  b© 
coated  with  wax.  If  iron  instead  of  zinc  is  immersed  in  the  dilute  sul- 
phurio  acid,  tho  action  is  the  same,  but  continues  for  a  shorter  time;  and 
the  passive  iron  in  the  nitric  acid  dissolves  more  quickly.  The  a4l<lition 
of  niti-ate  of  mercury  to  the  nitric  acid  retards  the  solution  of  the  iron  in 
the  nitric  acid  for  a  somewhat  longer  time;  but  this  salt  crystallizes  in 
the  gypsum  tube  and  cracks  it.  (Hawkins,  Phil,  Mag,  J.  16,  115.— 
Oraers  Apparatus,  Pogg.  61,  38  K) 
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Wlien  zinc  h  placed  in  a  inixttire  of  1  part  oil  of  vitriol  and  6  i>arU 
WfttcT,  and  platinurain  mo<lerately  etroiig  nitric  acid,— the  circuit  producee 
ati  oloctro-magnctixation  of  iron,  aliundred  times  aa  strong  as  tbat  produced 
by  ft  zmc  and  copper  pair  of  the  eamo  size,  simply  immersed  in  dilute  sul- 
pliurie  acid.  Tho  action  gradually  increases  as  the  Bulphuric  acid  becomes 
saturated  with  zinc,  and  ia  remarkably  increa^d  by  the  use  of  a  solution 
of  iulpbuto  of  zinc  in  place  of  dilute  sulphuric  acid,  [As  the  zinc  takes 
oxygou  and  acid  from  the  adjacent  atoms  of  sulphate  of  zinc,  the  zino* 
atom  eet  free  by  tniiuspositiun  at  the  end  of  the  series,  likewise  takes 
oxygen  and  acid  from  the  nitric  acid;  an  indirect  action  of  nitric  acid 
uiion  ziDC  is  therefore  brought  about  by  the  sulphate  of  zinc]  The  action 
oi  the  oircujt  remains  perfectly  uniform  for  three  hours ;  no  gas  is  evolved 
on  tba  line,  and  scarcely  any  on  the  platinum^— because  the  nitric  oxide 
retnaiQfl  dissolved  in  the  nitric  acid  and  colours  it  green.  A  simple 
circuit  of  this  kind  decomposes  water  feebly;  a  combination  of  two  sucli 
circuits,  rapidly,  (PfaC) 

Solution  of  common  salt  in  plaice  of  sulphuric  acid  is  particularly 
cJFcetivo  in  this  apparatus.  If  weiik«^r  nitric  acid,  of  sp.  gr.  I'll),  be  used 
in  ccmnection  witli  dilute  t=ulpliuric  acid,  a  large  quantity  of  gas  is  evolved 
from  tho  nitric  acid, — and  then  the  current  is  mncn  weaker.  (Poggendorff.) 
If  a  compact  carbonaceous  mass  be  formed  by  strongly  igniting  a 
mixture  of  pouudetl  coal  and  coke — a  cell  formed  out  of  it,  and  filled  with 
~  |uarii*saod  and  strong  nitric  acid — and  the  whole  placed  in  a  vessel 
Itootaintng  dilute  sulphuric  acid,  and  a  plate  of  zinc  4  inches  long  and 
iodiM  wide, — bright  smrks  are  emitted  on  closing  the  circuit;  fine 
fitinum  wtf^  h^Qomm  rea  Im»I;  iroii  wire,  No.  S,  bums;  and  hydrocldorio 
field,  iodide  of  pntmiwium,  ImM^  mad  dlT«r  salts,  are  decomposed  by  tho 
Bl.  fBuiiAOik,  Amm^  JPkmw^  39,  dll.)  [The  nitric  acid  which  ooset 
m  fkores  of  lie  eok#  perhmps  also  fonns  a  film  on  the  outaid#  I 
tof  it] 

A  lureuit  of  coppw,  dilute  salpliiurk  aeid,  nitric  acid,  and  platinrntij 
|noiiMi»  m  mm^t  tataij  ImUm  ilMW  a«  tba  which  is  excited  whea , 
WM  k  naed  instcmd  of  eopper.  (FBggMtaC  J^*  ^4.  3^^  ) 

If  the  howl  of  m  common  lobieeo-fiipe  be  filled  with  nitric  acid,  and 
|»Uced  in  a  voitel  iHHitAioing  hTdrodikKnc  acid^  a  couple  of  gold  hmvea 
nmply  immfv^fA^d  in  tho  latter  iill  not  be  dissolved:  but  on  connecting  i 
one  of  tbi*m  wiih  n  phitinum  wire«  the  other  end  of  which  dips  into  tho  ^ 
Qttrii!  wuUU  ihft  gijil  Viif  (bus  attached  will  dissolve,  while  the  other  will 
not*  (Orovi*.^  f  Tfin  goM  leaf  attached  to  the  platinum  takes  chlorine 
from  the  hyilfochhiric.  acid,  the  hydrogen  of  that  compound  passing  over 
by  galvanic  trauMpfi^tition  to  the  oxygen  of  the  nitric  acid.] 

yy*/-  nffffUwtt  metal  i$  in  mntad  wilh  arvenioug  ttdd  or  OTienuiU  of 
pfttfuk. — Tulio  a  {App,  7)  containing  solution  of  anenions  acid  with  a 
copper  wirn  irnmefxed  in  it,  and  the  vessel  h  oontaiDisg  solution  of  eal- 
aninioniac  with  thn^ — ^a  block  film  of  arsenic  makes  its  appearance  in  tho 
coufife  of  five  Uunxn  on  the  surface  of  the  copper,  and  afterwards  aasnmee 
a  steel-grey  colour  and  metallic  lustre — the  change  commencing  from  a 
single  point,  ami  groilually  extending  over  tho  whole  surface.  When 
hydrocnloric  a<nd  i^i  mixcu  with  the  arson lous  acid,  the  copper  becomeo  \ 
covered  at  the  surfaci*  of  contact  of  the  litjuid  and  the  air,  with  whitoj 
metallic  arsenic  If  the  solution  of  ar^oniDUs  acid  eon tn ins  a  small 
qmtntity  of  nitric  acid,  a  depoiut  of  white  metallic  arsenic  is  fonned»  prin- 
cipally  cm  the  part  of  the  cti|])er  which  projects  out  of  the  liquid — ^the 
arsenic  being  perhaps  carried  out  of  the  liquid  in  the  form  of  areeniu- 
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retted  lijdro^cn  ami  then  precipitated  on  tho  wire.  (SiraoTij  N,  Fr,  22, 
h  U.) 

When  tlie  tube  a  (A pp.  7)  contains  solution  of  arseniate  of  potash 
with  a  platinum  wire  immersed  in  it,  and  the  vessel  b  oontains  solution 
of  iirsenic  with  a  piece  of  zinc, — only  0*3  J  of  the  arsenic  present  is  deposited 
on  tlio  platinum,  and  on  the  hladder;  tlio  rest  rolatilizes  in  the  form  of 
arseniuretted  liydrogen,  (Buebner,  RtperL  21,  14,) 

The  liquid  in  contact  with  the  negative  metal  is  the  soltUion  of  a 
htavif  rnetuUic  salt. — The  circuit  composed  of  zinc,  dilute  Bulphuric  ncid, 
aulpliate  of  copper,  and  metallic  copper,  (or  platinum),  produces,  n^  aliown 
by  Daniel],  a  very  powerful  current,  which, — when  the  weakening  of  the 
eolation  of  sulphate  of  copper  occasioned  by  the  depos^ition  of  nietallic 
copper  on  the  platinum  or  copper  plate  is  made  up  by  the  addition  of 
fresh  sulphate  of  copper — ie  liltewise  of  constant  i-trenj^tb.  [Tho  zinc 
tAikea  up  oxygen  from  tlio  water, — the  hydrogen  of  which,  being  curried 
by  transposition  to  tho  oxido  of  copper,  takes  up  the  oxygen  of  that 
compound, — whilst  copper  is  deposited  on  the  negative  metal.  Conse- 
quently, the  ^inc  has  no  longer  to  overcome  the  stronger  affinity  of  by- 
drogen  for  oxygen,  hut  only  the  much  weaker  affinity  of  copper  for 
oxygen :  the  solution  of  the  zinc  is  thus  accelerated,  and  the  current 
thereby  increased.  If  the  zinc  were  placed  in  the  solution  of  sulphate 
of  copper  as  well  as  the  platinum,  it  would  become  covered  with  copper, 
in  consequence  of  pure  chemical  action  taking  place  at  the  same  time,— 
and  this  dcpotsitlon  of  copper  would  give  rise  to  local  electro-clicjnical 
action,  by  which  tlie  current  would  be  greatly  we^ikencd,] 

This  circuit,  however,  does  not  yield  nearly  fo  much  electricity  aa 
lliat  in  which  strong  nitric  acid  is  used  (p.  ^91)  [liecause  the  affinity  of 
copper  for  oxygen  is  greater  than  that  of  nitric  oxide  for  that  eleraent]. 
With  the  same  extent  of  metallic  surface,  the  circuit  composed  of  zinc, 
dilute  sulphuric  acid,  concentrated  nitric  acid,  and  platinum, — ^yields  in 
a  given  time  seventeen  times  as  much  electricity  as  zinc,  dilute  sul- 
phuric acid,  sulphate  of  copper,  copper,  (Jacohi,)^A  solution  of  chlo- 
ride of  platinum  in  water  likewise  ^ives  a  current,  the  quantity  of  which 
is  only  two-thirds  of  that  of  the  nitric  acid  circuit,     (Poggcndorfl",) 

When  the  circuit  of  zinc^  solpburic  acid,  sulpliate  of  cojiper,  and  copper, 
is  closed,  tho  quantity  of  zinc  dissolved  in  a  given  time  is  ten  times  as 
great  aa  when  it  is  broken.  (Matteuoci.) — If  an  amalgamated  zinc  pliite 
in  a  circuit  of  this  krnd  lose  B  grains  in  half  a  f^econd  when  the  snrface  of 
the  copper  plate  is  of  the  same  size  as  that  **f  tho  zinc,— then,  when  the 
copper  surface  is  twice  as  great,  tlie  loss  of  weiglit  will  be  7  gr. — with 
4  times  the  surface  of  copper,  0  gr. — with  8  limes  the  surface,  13 '3  gr. — 
with  lU  times  the  surface »  11 '5  gr. — and  with  20  timc^  the  snrface,  lOgr. 
Hence,  the  action  is  most  energetic  when  the  surfar-o  of  the  copper  amounta 
to  8  times  that  of  tiie  zinc,   (Oinks.) 

Zinc,fiohition  of  sal-ammoniac,  solution  of  sulphate  of  copper,  and  copper, 
likewise  gives  a  very  strong  and  constant  current.  (Mullins,) — Jacobrg 
Chaml>er  Battery:  A  wide,  shallow^  cylindrical  cop[>cr  vessel  contains 
solution  of  sulphate  of  copper,  which  is  continually  kept  nearly  saturated 
by  means  of  eryetnls  of  the  salt  contained  in  a  sieve  at  the  side.  In  tlijs 
vessel  is  immersed  a  somewhat  narrower  wooden  hoop  tied  with  bladder 
wnrlemeath,  filled  with  dilute  solution  of  sal-ammoniac,  and  containing  a 
round  piece  of  zinc. 

If  solution  of  nitrate  of  silver  be  carefully  poured  on  the  top  of  a 
solution  of  nitrate  of  copper,  and  a  copper  rod  dipped  only  into  tho 
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fbrvwr,  m  mitwm  tree  m  ai  Biei  prodaoedy— b«i,  m  mmq  u  tUi  tiee 
gfowB  downwards  mc  £tf  as  ike  copper  aoiatioBy  aietaltic  copper  it  d^po- 
allad  apra  il*  (GrotUiaaK.) 

If  a  taba  tiad  OTcr  willi  Uaddor  (Aff^,  7)  ^antaiaa  a^atala  of  lead 
wiilb  plaliwai  dlppbig  bto  h,  and  Una  oalar  reval  6  kydrodiloric  acid 
(ar  «upliale  of  aoda^  ff.  Bom}  wttk  time,  a  lead  tree  la  fonaad  oo  tiie 
platiaaBi,  If  a  cealaiiia  aitrala  of  eflTer  iaatead  of  aieelato  of  lead,  the 
pli^n—  lieoooiai  aareiad  witli  ailTer.  ^Siag^.) — ^Wbeo  aolutioD  of  com- 
siaa  aali  ii  aaed  ia  plaea  of  Imlrodikine  mad,  ike  depoeittoa  of  atlTor  oa 
Ite  platiaani  likaariea  takee  pfaoe — aeeordiag  to  U.  fioae;  bai^  aooordii^ 
la  Fhfff  the  prectmtalioa  of  jUner  doea  not  take  place  till  a  UtUe  bjdro* 
aliloric  wdi  hMB  beeti  added  to  the  coanaoa  ealt^  wiiea  it  comiaencae 
aaddanljr  aad  sapidlj  iaereaeea.  AfUsi  the  precipitation  of  tlie  silrei^ 
caiJTionata  of  coda  coUeda  in  a,  id  the  ooozae  of  three  weeks,— and  die 
aar&ee  of  tke  Uadder  wbick  dips  into  h  becomes  coTcred  with  a  thick 
cnist  of  ddifiide  of  eUrer.  If  tke  iinc  and  platinom  are  not  connactedy 
no  redaction  of  ailTor  or  prectpitatioD  of  chlorida  of  silver  takea  place, 
.area  in  a  fortnighi.  (P£&£>— If  a  contains  nitrate  of  silver  with  mplute, 
b  eolation  of  common  salt  with  iilTcr  free  from  copper^  ftilirer  ie  aepmfited 
on  the  graphite  in  hrilliant  laminae;  but  the  action  «oon  ceaeee.  (PiaC) — 


[Silrer  baa  greater  affinity  for  diiortne  than  for  oxjg^^i^  the  ailTer  wire 
mielore  takee  chlorine  Irom  the  chlonde  of  aodiapi,  eeparalee  eilrer  hj 
tranepotttioa  from  the  nitrate  of  eilvar,  and  depoetta  it  on  the  graphite. 
The  adloQ  ccaace  aa  eoon  as  the  ailrer  becomee  corered  with  chloride.] 

If  the  arm  a  of  the  U-tobe  {App^  4)  contains  dilate  suiphoric  acid 
with  line,  and  the  arm  b  nitrate  of  sine  with  copper,  zinc  is  deposited  on 
the  copper.  (Ohm.)     [I  obtained  no  reduction  of  linc] 

When  xinc  ia  placed  in  a  sataialed  eolation  of  snlph&te  of  zine,  and 
copper  in  a  eatarated  elation  of  nitrate  of  copper,  a  aomewhat  stronger 
current  is  pn>duced  than  when  both  metak  are  immereed  in  dilute  acid. 
The  deflection  of  the  needle  is  not  increased  bjr  the  addition  of  nitric  acid 
io  the  nitrate  of  copper.  If  both  ranela  contain  aolntioa  of  eulphate  of 
line  or  dilate  ealpnaxic  acid,  the  deieelion  ie  greatly  increaeed  by  the 
addition  of  a  Little  nitric  acid  or  nitrate  of  ctipper  to  the  liquid  into  which 
the  copper  dips;  whereas,  nitric  acid  added  to  the  liquid  containing  the 
line  dimiuiBhee  the  deflection.  (BeoqoereL) 

If  the  tubes  a  b  (App,  8)  are  stopped  at  the  bottom  with  daj^— a 
aoaiainiDg  hydrosntphate  of  potash  (which  haa  been  exposed  to  the  air) 
with  antimony  immersed  in  it,  and  b  nitrate  of  copper  with  copper,  and 
both  being  immerse^l  in  a  conducttDg  watery  liquid, — ^then,  when  the  two 
metals  are  connected,  the  copper  becomee  coated  with  precipitated  copper; 
wUilat  on  the  autimoay,  and  on  the  sides  of  the  tubes,  there  is  deposttedt 
•^first  a  brown-red  powder,  then  red  octohedrons  and  lamime  (which 
Becquerel  considers  to  be  kermes-minerai), — If  tin  be  anbetituted  for  an- 
timony— small,  white,  metaliic-^hining  cubes  of  sulphuret  of  tin  are  depo- 
sited upon  it. — With  iron,  when  the  access  of  air  to  the  tube  a  is  com- 
pletely shut  ofl";  yellow  cubes  of  iron  pyritee  are  sometimes  obtained* 
(Becquerel.) 

The  vessel  6  (App,  7)  always  containing  solution  of  saUammonlac  with 
zinc^ — and  the  tube  n,  which  ia  tied  over  at  the  bottom,  containing  a  ci>pper 
wire  with  a  heavy  metallic  solution, — the  following  results  are  obtained, dif-^ 
fering  according  to  the  nature  of  the  liquid. — Dilute  nitrate  of  bismntb; 
After  twi>  liourd,  a  block  film  ou  the  copper,  increasing  and  becomiogfloo- 
culcnt. — Sulphate,  nitrate,  or  acetate  of  lino:  A  little  hydrogen  is  evolved 
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npon  the  copper,  but  no  zinc  is  depositmi — Protocliloride  of  tin  dleaoh'ed  in 
alcohol:  After  eorae  hours — tin,  in  graTiuiar  and  needle-t^hnpedpartk-les,  ia 
depoj^itctl  on  the  copper. — Dilute  solution  of  acetate  of  lea*l:  A  lead  tree 
on  the  copper,  after  a  f^hort  time. — Solution  of  one  part  of  green  vitriol  in 
8  parts  of  water:  Hjrlrogen  ga«  is  evolved  on  the  copper,  which  in  a  few 
hours,  hecomea  covered  with  a  green  deposit.  This  dep<>sit  increases  con* 
eiderably  in  a  few  days,  and  is  found  to  consist  of  three  layers,  the  outor- 
most  being  hjrlrated  protoxide  of  iron — the  second,  protoxide  (black 
oxide?), — and  the  innermost,  nieiallic  iron, — Acetate  of  copper:  Tlie  dis- 
eolred  copper  is  deposited  in  the  crystalline  forra  on  the  c<»i>per  wire. — 
Solution  of  one  part  of  protochloride  of  mercury  in  24  piirt>^  of  water: 
The  copper  suddenly  becomee  covered,  first  with  a  white  Him  of  calomel, 
then  with  a  grey  film  of  mercury;  on  the  following  day,  black  vegetations 
of  suhoxide  of  mercury  make  their  appearance.— ^ulu (ion  of  one  part  of 
nitrate  ofsiiverin  8  parts  of  water:  A  shining  silver  tree  imnietUately 
appears  on  the  copper;  on  the  bladder  is  depouitod  a  conmderahle  quantity 
of  oxide  of  silver,  together  with  black  peroxide. — ^Solutiou  of  one  part  of 
chloride  of  gold  in  30  parts  of  water:  A  black  deposit  immediately  a^v 
])ears  on  the  copjtcr,  soon  becoming  brownish  and  Jiucculent,  and  rafildly 
increasing, — Chloride  of  platinum:  The  copper  becomes  covered  in  the 
course  of  two  hours  with  brilliant  white  platinum j  from  which  laminis 
lubsequently  separate.  (Simon.) 

Tube  ft  [A pp.  7),  containing  dilute  sulphuric  acid  with  zinc,  and  ves- 
Bel  h  a  metulHcsalt,  together  with  a  piece  of  eai^ily  fti^ihle  metal, — acetate 
of  lead  yields  grey  crystals  of  lead,  which  grow  from  the  piece  of  alloy  to 
the  height  of  three  inches, — extending  to  the  bladder,  and  covering  it  with 
a  network  of  lead.  Nitrate  of  silver  behaves  in  a  similar  manner,  the 
crystals  of  silver  continuing  to  grow  till  they  come  in  contact  with  tho 
«tnc.  (Solly,  Phil  Mwj.  J.  U,  312.) 

A  tuho  tied  over  with  a  bladtler  contains  dilute  acid,  with  a  piece  of 
line  in  contact  with  the  liladder,  and  ir  immersed  in  a  metallic  solution; 
^B  ^the  zinc  ia  deposited  on  the  metal,  at  fir«t,  by  purely  cliemical  a<:tion; 
^H  bat  the  action  is  afterwards  propagated  electrically  through  the  bladder, — 
^^■Hld  thus  the  eame  circuit  of  two  metals  and  two  liquids  is  produced, — 
^^Viihe  eame  manner,  according  to  Wach,  very  solid  metallic  vegetations 
^^  are  formed;  e.  g, — with  chloride  of  antimony:  a  eolid  raaes,  witli  indivi- 
dual projections; — with  dilute  acid  .solution  of  nitrate  of  bismuth:  solid 
hemii^pherical  massea; — with  acid  i*o!ution  of  protochloride  of  tin:  tin- 
white  slender  ramitications; — with  fiiolution  of  one  part  of  chloride  of  plati- 
num in  8  parts  water:  solid,  acute,  i?t eel-grey  vegetation!*.  If  the  tube 
contains  mercury  instead  of  zinc — and  the  outer  vessel,  nitrate  of  silver, — 
silver-amalgam  is  obtained  in  rhomboidal  dodecabcdrone^  often  elongated 
into  gix-.sided  prisms.   (Waclu) 

Likewise,  when  a  tube,  sealed  at  the  bottom,  but  having  a  crack  in  it^ 
and  containing  solution  of  aal-ammoniac  with  xinc,  \a  immersed  in  a  bolu- 
tion  of  aulphutc  of  copper,  containing  a  piece  of  metallic  copper,— ^2opper 
is  reduced  on  the  latter,  though  very  slowly. 

When  zinc  or  iron  is  placed  in  immediate  contact  with  solution  of 
copper,  that  metal  is  precipitated  in  a  loose  pulverulent  form.  If  the  zinc 
or  iron  is  surrounded  with  a  piece  of  bladder,  the  precipitate  is  still  loose; 
^ith  two  layers  of  bla<lder,  it  is  more  solid;  and  with  three  biyersj  very 
fiolid,  knobby,  and  branching.  [The  copper  first  precipitated  on  the  zinc 
extends  itself  by  electric  action  through  the  layers  of  bladder  into  the 
copper  solution;  and  thus  an  arrangement  is  formed,  conBisting  of  two 
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tiu»  inxiier  fidei  'yc  rha  ^abe.  ji  pnmcsmmte  it  irrax.  an  r^^iincc&ift  fi^kei 
sia0». — If  :iie  ahe  annains  Jgnimi  in^^teMi  if  sue.  imi  is  1111—.L  i-ii  ib 
A  mirmfm  nt  TTcna^  if  al^^?.  •iiim^vea  raumbii:  ioafrifci'iti'HM  are 
^rTB0ifL  In  ^  difise  caee«.  :iie  iiagT  l*imd  rses  hj  ^wiiMmaae  mu>  tke 
toivt  bftraaae  loe  liiuc  iaiixcioiL  'v^iics.  2  ajr'niiiir  CQUsinnmiT  iacnmsts  m, 
itMnrii.     Eai«:.  J.  pr.  Claw.  22.  333./ 


Two  Jfftait  ixd  dkns  Z./i  f:<ijL 

Tiift  tw^o  metala  ^^imecteti  toe^dier  «£p  inso  two  Bi|<iii2&  w^ack  mre 
mnitM  diron^dt  di<s  mediinn  of  ^  iIuttL  Far  lais  purpose.  Ap^  2  aaj  be 
■HftfL  wium  thi»  wire  or  siphoa  4  cnaaint?  die  Uiird  lit^oid. — ^FP*  '^  when 
tktt  thrrd  Hmii/L  b<m^  the  heaTiesc.  cazi  be  male  u>  ocrapj  tbe  lower  part 
»f  th^  rj-tnne. — ^^;>P-  7,  wbea  die  fobe  4  is  stopped  as  die  bottom  whk 
elaj,  aiui  this  U  aatorued  with  the  diiri  Hquid. — Jpp*  8?  in  wkiek  tlie 
two  tiib«i  'Sr  6.  eioeed  at  the  bottom  witii  b^AiJer  or  witK  claj.  dip  into 
li^  liqnui  in  tbe  reseel  ^  In  manj  cases,  tlie  tkird  li^^aid  plars  no  par- 
tltnlxr  port,  bat  merely  serres  ae  a  medium  titroogii  wkicK  the  traaspo- 
niUm  fA  zU>m9  may  be  continiieii  from  the  first  to  the  fecood  liqnid,  or 
ti/'A  -nfma.  We  fthafi  here  notice  onlj  those  cases  in  which  one  or  more 
of  the  9\KmifXk\M  rA  the  tnterrening  liquid  gire  riae  to  the  fomatioa  of  pe- 
fsJiar  prodocU  in  the  ibst  or  secMd  liqn>^ 
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When  tlie  tube  {App,  7)  is  stopped  with  clay  saturated  with  solution 
of  nitre,  and  coiitaitis  alcohol  and  a  leaden  wire*  wliilat  ft  copper  wire 
connected  witli  the  latter  dips  into  a  -^idutioiv  of  Iduc  vitriul  iu  the  resael  b, — 
copper  is  red  need  cm  the  copper  wire,  mul  tlie  lead  beeomea  covered  with 
nitrate  of  lead:  because  the  sulplmric  aeid  of  tlie  blue  vitri<d  liberator 
nitric  acid  from  the  nitre  in  the  clay;  and  thia  nitric  acid,  together  with 
oxygen,  goea  over  to  the  lead.  (BecfiucreL) 

If  the  cup  a  (App,  2)  contains  an  alcohoHc  solution  of  sulpho'Carbnret 
of  potassium,  cup  b  solution  of  sulphat<j  of  copper — the  two  cups  being 
connected  bj  a  bent  tube  filled  with  solution  of  nitre^  and  leatl  being  ini- 
nieraed  in  a,  and  copper  in  b — reduc4»cl  copper  is  deposited  on  the  latter; 
whiljst  nitric  acid  is  transferred  towardfi  the  lead,— and,  by  its  oxidating 
action  on  the  sulpho-carburet  of  potitiisiiini,  causes  bicjirbonate  of  potash 
and  necdle-shtiped  carbonate  of  lead,  together  with  rhom1>ic  octoliedrona 
of  sulphur,  to  be  deposited  in  the  cup  a  and  on  the  lead.  (BecquorcL) 

4,  One  Metal  and  two  Liquids.     B^idnAdan  CircuU, 

When  the  game  metal,  either  in  one  pieoc  or  iu  two  piecefl  metal- 
lically connected^  is  immersed  in  tw-o  different  licjuids  which  touch  one 
another,  either  immediately'  or  through  the  medium  of  a  porous  connecting 
body,  the  part  of  the  metal  situated  in  one  of  the  litjuidf*  often  takes  up 
one  or  more  of  the  clectro-negatiTO  elements  of  this  lifjuid'-^and,  at  the 
same  time,  one  or  more  of  the  electro-positive  elements  of  the  other  liquid 
is  deposited  on  the  part  of  the  metal  therein  immersed.  In  this  case  also 
an  ciectric  current  is  produced,  positive  electricity  going  from  the  latter 
part  of  the  n>etal  directly  to  the  former,  or — wliat  comes  to  the  same 
thing— from  the  former,  through  the  lifjuid,  to  the  latter.  In  short,  that 
part  of  the  mot^l  which  combines  witli  the  electro- negative  elements  of 
the  liquid,  is,  according  to  the  usual  mode  of  expression,  positive  towarda 
the  otlten 

This  case  is  therefore  diflerent  from  that  already  described  (p.  329  .,. 
336),  in  which  the  metal  dipping  into  two  liquids  t^uffers  no  chemical 
alteration,  but  merely  serves  to  reunite  the  two  electricities  which  hav9 
been  separated  by  the  combination  of  the  two  liquids. 

[A  metal  may  be  inchned  to  take  electro-negative  elements  from  one 
limiid  rather  than  from  another;  e.  g,  it  is  more  inclined  to  oxidate  in  an 
acid  or  an  alkaline  li«juid — in  which  the  predisposing  affinity  of  the  acid 
or  alkali  for  the  metallic  oxide  comes  into  play — than  in  a  neutnil  solu* 
tion.  As  soon  as  it  does  this,  negative  electricity  is  set  free  in  it,— passes 
into  the  part  of  the  metal  situated  in  Iho  other  liquid, — and  thence  to  the 
electro-positive  element  of  that  li<]uid  which  has  been  set  free  at  that 
very  place  by  transposition  of  atoms  (p.  342,/y  The  different  tendencies 
of  the  several  liquids  that  may  act  on  the  metal  to  produce  purely  che- 
mical or  electro-chemical  action,  must,  however,  he  taken  into  account. 
The  electric  current,  which  results  froui  the  conihiuation  of  the  two 
liquids — ami  is  for  the  most  part  in  the  opposite  direction^ — is  bo  small  in 
quantity,  that  it  need  not  be  taken  into  consideration,  except  in  a  few 
cafles.] 

In  these  experiments,  the  two  liquids  are  cither  carefully  disposed  in 
a  Tessel  one  above  the  other  (which  was  Bucholx's  arrangement),  and  a 
metallic  rod  introduced  in  such  a  manner  as  to  dip  into  both  of  them; — 
or  Apparatus  2,  3,  4,  5,  0,  ?»  or  8,  is  matte  use  of,  by  dipping  into  the 
two  liquids  either  the  two  ends  of  a  simple  metallic  arc,  or  ehse — in  order 
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to  observe  tbe  current'-^wo  pieces  of  the  eamo  metal  couaected  by  tlie 
galvTitioineii'r. 

Add  and  water.  If  a  pile  be  constructed  in  tbe  following  order: 
Pa5te-boar<l  saturated  with  water — zinc  (or  tin,  or  charcoal) — pa^le-boanl 
eaturated  with  nitric  acid — ^paete-board  sttturat<;d  with  wat«r — zinc,  &<?• 
&c.» — positive  electricity  goe«  from  tbe  first  piece  of  paste- board  satttrat^d 
witb  water,  tbrough  tbe  *;alvutKmieter,  to  the  last  piece  saturated  with  njtric 
acid, — In  a  pile  composed  in  a  similar  manner  of  water,  one  metal  (tbo 
best  is  lead,  copj^er,  or  8ilver),  and  sulphuretted  hydrogen  water*  th« 
current  takes  the  opposite  direction,     (H.  Davy.) 

If  both  divisions  (-i/^p-  3)  contain  water*  no  current  is  produoecl  on 
the  immersion  of  zinc,  iron,  or  copper;  but  on  adding  to  the  water  in  one 
of  tbe  divisions,  a  sniali  quantity  of  sulphuric,  bydrocblorie,  or  nitric  acid, 
tbe  metal  dipping  into  it  r>ecome8  positive  (t,  ^,  yKisitive  electricity  goee 
from  tbe  metal  immersed  in  tlie  water,  through  the  galvanometer,  to  tllJl 
which  is  immersed  in  the  acid),  Hyponitric  acid  gives  a  oontrary 
(Ritchie,  N,  Ed.  J.  ofSc,  2,  150.)— If  cup  a  {App,  2)  oontains 
cnp  h  nitric  acid,  the  j^iphou  A  solution  of  common  salt,  and  copper  is 
immersed  in  both  cups,  the  copper  in  the  nitric  acid  is  positive.  (B<»«iuereL) 
[These  results,  obtained  by  Ritchie  and  Becquereb  are  oppose*!  to  tbat 
of  Davy,  as  far  as  regards  tbe  nitric  acid;  difference  of  concentration  may 
perbaps  account  for  the  di»crei»ancy*  Witb  respect  to  Davjr^a  result,  the 
observation  in  page  344,  •.  6,  must  be  taken  into  consideration, 

77^<■  same  acid  of  difnmt  d(!<p'ff^t  of  eoncentntti^yn.  When  tbe  ann  a  of 
tbe  U-tube  (App.  4)  contains  concentrated,  and  b  dilute  nitric  acid,  tin  im- 
iiiereed  in  tbe  dilute  acid  is  positive  towards  the  same  metal  in  tbe  strong 
acid,  (Faraday,) — The  arm  a  (App.  4)  containing  a  mixture  of  4!)  part<;of 
oil  of  vitriol  and  9  of  water,  and  b  containing  water — which,  by  agitation  of 
the  surface  of  contact,  lias  taken  up  a  small  quantity  of  acid  and  been  snb- 
•equently  cooled, — iron  appears  strongly,  and  copper  feebly  positive  in  tbe 
acidulated  water;  tin  and  lead,  on  tbe  contrary,  are  positive  in  tbe  stroOj 
acid;  zinc,  cadmium,  and  silver,  give  no  current.  (Faraday.) — Tbe 
arrangement  being  ma<le  witb  highly  concentrated  bydrochloric  acid 
water, — zinc,  cadmium,  tin,  lead,  copper,  and  silver,  are  positive  in 
acidulated  water, — iron,  first  negative,  then  pennancntly  jx^sitiver  { 
radav.) 

Zinc,  cadmium,  tin,  len^l,  copper,  or  silver,  immersed  in  dilute  acid, 
{App.  4),  is  strongly  positive  towards  tbe  «ame  metal  immerse*!  in  con- 
centrated acid.  Witb  silver,  however,  the  direction  is  variable; — the 
current  is  often  suddenly  reversed,  and  then  again  resumes  its  former 
direction.     (Faraday,) 

Let  1  be  oil  of  vitriol;  ^,  a  mixture  of  1  mefteure  of  oil  of  vitriol  with 
2  raeaeures  of  water;  t^'^,  a  mixture  of  1  measure  of  oil  of  vitriol  with  20 
mea^nree  of  water:  tin  m  1  is  positive  towards  tin  iu  \  or  ^\;  and  tin  in 
\  is  positive  towards  tin  in  ^. — Lead  or  copper  in  ^  is  positive  towards 
lead  in  1  or  ^, — Iron  in  1  is  negative  towards  iron  in  ^  or  ^^  and  iron 
itt  ^  is  negative  towards  iron  in  y^.     (FaRulay,) 

Let  1  be  concentrated  nitric  acid;  |,  a  mixture  of  1  measure  of  the 
same  witti  I  meiu^ure  of  water;  \,  witli  3  measures  of  water;  y^,  with  20 
measures  of  water:  lead  in  ^  is  positive  towards  lead  in  1  or  j,  and  lead 
in  j  is  positive  towanls  lead  in  L — Copper  in  \  is  positive  towanis  cop- 
per  in  I  or  ^\;  copper  in  |  is  positive  towards  copper  in  1,  and  negative 
toward*  copper  in  ^,     (Faraday,) 

Dif^rerU  aekU,    One  arm  of  the  bent  tube  {App*  5}  oontaijung  oil  of 
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vitriol, — tlie  other,  coBcentrntetl  nitric  acid,— the  xinc  in  tlie  former  ia  posi- 

Itive,  bnt  becomes  negative  after  the  circuit  has  been  closed  for  some 
time,  [In  conaeqtieuce  of  being  coated  witb  sulpbato  of  zine?] — IroDj 
Copper,  and  silver  are  likewise  |)o.«^itlve  in  oil  of  vitriol,  uejEfiitive  m  nitriti 
■icid, — iron  the  mof?t  strongly,  silver  the  least.  Nevertheless,  zinc,  copper, 
ind  iilver  are  mo^t  strongly  attacked  in  nitric  acid.  Although,  t  hero  fore, 
ibe  greatest  quantity  of  electricity  must  he  set  free  in  tluit  part  of  tho 
circuit,  itjbecoines  directly  neutralised  at  tho  surface  of  the  metat — because 
the  p>as5age  of  positive  electricity  from  the  oil  of  vitriol  to  the  other  piece 
of  metal  k  attended  with  ditKeulty,  (Dc  In  Rive.)  [Nitric  acid  haA  a 
peculiar  inclination  for  pure  chemica!  action  (p,  344,  L  B)\)] 

Alkali  and  water.  If  a  pile  he  conj<tmcted  in  the  following'  order: 
Paate-board  miturated  with  water — charcoal — pa^te-hoard  saturated  with 
Bohition  of  fioda,  &c.  &c,,  positive  electricity  ^''oos  from  the  last  piece  of 
pa^te-hoard  saturated  with  soda,  through  the  galvanometer,  to  the  first 
piece  saturated  with  water.  Similarly,  if  we  arrange  one  above  tbe  other* 
Pai^te  hoard  saturated  with  water — zinc— pasteboard  saturated  witb  water 
and  aprinkled  on  tbe  side  touching  tho  preceding  zino  with  hydrate  of 
potash — zinc,  <fec.  Sec*     (H,  Davy,) 

Alkali  of  difftrent  degrees  of  concefitration.  Zinc,  oadmiura,  tin^  and 
lead,  are  strongly — copper  moderately — and  iron  slightly  positive  in  con- 
centrated alkali,  towards  the  same  mctala  in  dilute  alkali.  (H.  Davy; 
Faraday,) 

Ffda^h  and  hydrositiphnrd  of  potassium.  Zinc  in  pota*i!i  is  positiTe 
towartb  zinc  in  hydroanlphuret  of  potassium.  Silver  and  palladium  are 
negative,  copper  almost  neutral     {H,  Davy.) 

Acid  and  alkali.  Zinc,  tin,  lead,  or  copper,  in  strong  solution  of 
potash  (Appr  3),  is  positive  triwards  tho  iiame  metal  in  dilnte  solphurio 
acid.  In  this  action,  the  lead,  tin,  or  amalgauiated  zinc,  in  the  sulphuric 
acid,  eveu  becomes  covered  with  bubbles  of  hydrogen  gas — proceeding,  not 
from  the  purely  chemical  action  of  the  acid,  but  from  the  electro-chemical 
action  of  the  potjvsh^ — their  evolution  ceasing  when  the  circuit  ia  cloi?ed. 
(Faraday.)  With  potash  on  the  one  side^  and  sulphuric,  nitric,  or  hydro- 
chloric acid  on  the  other,  zinc  is  more  strougly,  iron  and  copper  less 
Btrongly  positive,  in  potash.  With  dilute  sulphuric  acid,  the  current  is 
stronger  than  with  the  same  acid  concentrated.     (Grove,) 

Water  and  solution  of  comjnon  salt.  Copper  in  solution  of  common 
Bait  is  positive  towards  copper  in  water.     (H,  Davy.) 

A  tids  and  chloride  of  calcium.  Zinc  and  copper  in  solution  of  chloride 
of  ealciom  (App,  5)  are  positive  towards  the  same  metals  in  dilute  nitric 
acid.     (De  la  Rive.) 

Ilcavt/  vietallic  mils  and  water.  If  pure  water  be  carefully  pou^red 
npon  a  solution  of  chlori*le  of  zinc,  and  a  zinc  rod  immersed  in  both 
liquids,  zinc  is  deposited  on  its  lower  end.  If  water  be  placed  upon  a 
concentrated  solution  of  protochloride  of  tin  containing  a  little  free  acid, 
anil  a  rod  of  tin  be  introduced,  a  portion  of  tin  is  dissolved  from  it  in  the 
lower  licpiid, — while  crystalline  tin  is  deposited  upon  it  at  the  surface  of 
contact  of  the  tin  solution  and  the  water.  (Bnchol/.)  But  if  tho  tin- solu- 
tion tloes  not  contain  free  acid,  a  portion  of  tin  dissolves  at  the  surface  of 
contact  of  the  solution  and  the  water,  while  tin  is  reduced  on  the  lower  part 
of  the  rod.  (Rit'^er,  ,.4.  GekL  1,  427. J  A  leaden  rod  similarly  immersed  in 
water  and  solution  of  nitrate  of  leatl,  becomes  corroded  above  and  covered 
with  reduced  lea*!  below.  A  similar  eflect  ia  produced,  when  a  saturated 
aelution  of  nitrate  of  copper  is  placed  at  the  bottom  of  a  tube,  water 
aboTO  it,  and  a  copper  rod  immersed  in  both^'— the  action  being  particu- 
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larly  strong  when  a  small  quantity  of  nitric  acid  is  added  to  the 
(If  tljo  water  by  chance  remiiins  unmixed,  no  action  is  apparent;  but  if  it 
contfiio^  a  little  nitrato  of  copper^  the  action  commences  immediatelj. 
Om,)  In  all  these  cases,  and  tbose  yet  to  be  described — as  recorded  by 
BucUolz — the  niet^illic  rod  is  found  to  remain  unaltered  for  a  small  space 
between  the  part  at  which  it  becomea  corroded  and  that  at  which  reduced 
metal  is  deposited  upon  it.  (Buchoh,  A,  OthL  3,  324  and  424;  N,  Gehl, 
5,  127.)  A  rod  of  silver,  dipping  into  water  and  solution  of  nitrato  of 
silver,  becomes  corroded  and  acquires  a  brown  colour  in  the  water — whil^ 
silver  is  precipitated  on  the  lower  part,  which  is  immersed  in  the  silver 
solution.  {GrottAus.)  If  two  pieces  of  zinc,  iron,  or  manganesse  are  ira* 
mer.scd  in  water  and  the  at|uefme  solution  of  the  corresponding  snlpltatCy 
tlie  piece  immersed  in  this  solution  becomes  positive  and  ojtidijcas. 
(Becquercl) 

Iltavi/  metallic  isaUs  and  acids.  l>ilute  nitric  acid  being  placed  on  a 
eolation  of  nitrate  of  lead,  or  dilute  acetic  acid  upon  acetate  of  lead,  an 
immersed  leaden  rod  becomes  corroded  above  and  coated  with  metallic 
lead  below.  A  similar  effect  is  produced  upon  a  copper  rod  immersed  in 
dilute  nitric  acid  and  nitrate  of  copper,  or  dilute  sulphuric  acid  and  sul- 
phate of  copper.  So  likewise  with  a  eilver  rod  in  water  containing'  a 
little  nitric  acid  and  a  nctitral  solotion  of  nitrate  of  fcilver.  In  all  these 
cases,  the  metal  corrodes  in  tire  acid^  and  hcconie«  coated  with  reduced 
metal  in  the  metallic  solution,  (Bucboiz.)  In  a  concentrated  solution  of 
snl]^hate  of  copper  covered  with  dilute  nitric  acid,  a  coi>per  rod  becomea 
coated  with  small  metallic  octobedrons,     (Eisner.) 

Ifeav^  mrtaiiic  suUs  attd  ammonia.  The  lower  stratum  consisting  of 
suliihate  of  cajiper  dissolved  in  water  aciiUilated  with  sulphuric  acid,  the 
upper  of  ninmonia, — a  co]^]ier  wire  immersed  for  twelve  hours  in  tboso 
l(i|uitis  becomes  corroded  in  the  copper  solution,  and  covered  with  crystals 
of  copjier  in  tlio  ammonia.     (Berzelius,  Iffkrbuch,) 

liravi/  miUiHic  mlU  and  sitlphurd  of  carbon^  If  ai|ueous  solution  of 
nttruU*  of  copper  be  phiced  abovo  sulpburet  of  carbon  in  a  glass  tube  scaled 
at  the  htjllom,  and  a  plate  of  copper  immersed  in  these  liquids,  crystals 
of  Kuboxido  of  copper  form  on  iU  upper  part;  and  carbun  (sulphuret  of 
rop[*er1  Gm.)  is  deposited  on  the  tube  in  thin  larainic,  possessing  the 
uietallic  lustre. 

ifmvif  virtallic  sails  and  alkaline  salts.  Cup  a  {Ajyp,  2)  coutainuig 
common  suit,  and  cap  6  sulphate  of  zinc, — xinc  immersed  in  the  latter  \a 
positive:  so  likewise,  iron  dippini^  into  common  salt  and  protosulphate  of 
lion. — But  copper  in  nitrate  of  copper  is  negative  towards  cojiper  in  com- 
mon salt; — similarly,  with  lead  in  nitrate  of  lead  and  common  salt  [with 
nitric  acid  and  heavy  nietidlio  nitrates  there  is  a  jjcculiar  tenaency 
to  pure  chemical  action! — The  U*tube  {Ap/h  4)  containing  asbestos 
at  A,  solution  of  chloride  of  barium  at  a,  and  solution  of  chloride  of 
lead  at  6,  and  the  ends  of  an  art?  of  lead  dipping  into  the  two 
arms  of  the  tube,^ — sbining,  silky  crystals  arc  formed  on  the  lead  in 
a  [which  is  therefore  positive]; — these  crystals  appear  to  be  a  com- 
bination of  chloride  of  lead  with  chloride  of  barium.^If  the  arm  a 
contains  solution  of  common  salt  with  crystals  of  the  same — the  arm  6, 
Folutiou  of  Milphate  of  copper  with  oxide  of  copper, — and  the  ends  of  a 
copper  wire  dip  into  the  two  arms, — copper  is  deposited  on  the  end  im- 
mersed in  the  blue  \itriul»  which  is  negative,  The  sulphuric  acid  thereby 
lilierated  dissolves  the  oxitle  of  copper, — and  tho  copper  in  the  salt  solu- 
tion, which  becomes  alkaline  [because  the  sulphuric  acid  does  not  ptias 
OYCr,  and  the  oxygen  of  the  oxide  of  copper  combines  with  the  sodium  of 
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tbe  common  salt  and  sencis  chlorine  to  tlie  copper],  covers  itself  with  octo- 
herlrons— which  appear  to  be  a  combination  of  subcbloride  of  copper  with 
chloride  of  fcioJiuTii»  and  give  up  the  latter  to  tbe  water: — tbcy  are  at  fir^t 
transparent  and  colourless;  bnt  wbentbecxperiment  iiist^two  ortbree  months, 
they  become  lir.st  violet  and  afterwards  emerald  grecti,  remiiining  however 
transparent.  [Protocbloride  of  copper  -f  chloride  of  sodium?] — When  sa!- 
ftmmoiiiac  U  nacd  in  tbia  experiment  instead  of  common  salt,  and  tho  air 
is  kept  from  the  arm  a,  octobedrons  with  truncated  edges  and  finmmita, — at 
first  colourless,  bat  afterwards  acquiring  an  amethyst  tint — are  deposited 
on  the  copper  in  tbe  sal-ammoniac,  and  sometimes  eixf  ided  piisnjs^  npou 
these.  Both  these  componnds  are  decomposed  by  water,  wbicb  extracts 
the  finl-ammoniac.  Nitrate  of  copper  bebitves  with  common  salt  antl  pal- 
ammoniac  jnst  like  sulphate  of  copper.  Chloride  of  potassiusn  or  cblo- 
ride  of  barium  substituted  for  common  salt,  deposits  on  tbe  copper  similar 
compounds  of  chloride  of  copper  with  chloride  of  potassium  or  chloride  of 
barium  in  tetrahedrons.  Silver  immersed  in  nitrate  of  silver  and  aqneoua 
solution  of  sil-ammoniac,  ebbiride  of  potassium,  chloride  of  sotliam,  or 
chloride  of  barium,  covers  itself  in  like  manner,  in  tbe  last  juentioncd 
solutions,  with  octobedral  or  tetrahedral  combinations  of  chloride  of  silver 
with  these  metallic  chlorides.  Tin  dipping  in  tbe  same  manner  into  com- 
mon salt  and  snlpbate  of  copper,  covers  itself  in  the  fonner  with  needles 
of  chloride  of  tin  and  sod i am— and  lead,  with  tetrahedrons  of  chloride  of 
lead  and  sodium,     (Bccquerel.) 

If  solution  of  aaf-ammoniac  or  common  salt  b^  poured  upon  pnJverized 
oxide  of  lead  in  a  tube  scaled  at  the  bottom,  and  a  rod  of  lead  immersed 
80  as  to  touch  the  oxide*  reduced  lead  is  deposited  upon  it.  When  solu- 
tion of  sal-ammoniac  is  plticed  above  peroxide  of  lead,  an  immersed  leaden 
rod  becomes  covered  with  needles,  from  wbicb  water  extracts  sal-ammo- 
niac,— probably  therefore  chloride  of  lead  and  ammonium.  [In  the  first 
placGj  oxide  of  lead  diissolves  at  the  lower  part  in  sal-ammoniac  or  com- 
mon salt:  two  liquids  are  thus  formed:  the  former  yields  chlorine  to  tbe 
lead;  tbe  latter  deposits  reduced  lead,  if  protoxide  of  lead  ba^  been 
Tised — or  when  peroxide  of  lead  is  employed,  extracts  oxyg^en  from  it]- — 
In  like  manner,  a  copper  rod  dipping  into  oxido  of  copper  and  solution  of 
sal-ammoniac— access  of  air  bciug  prevented — ^bceomes  covered  with  largo 
crystals,  consisting  of  a  combination  of  suhcblorid©  of  copper  with  sal- 
ammoniac — colourless  at  first,  afterwards  acquiring  a  yellow  tint,  and  dif- 
fering in  form  from  those  previously  mentioned  (p,  4Q0).     (Becquerel.) 

If  the  tube  stopped  at  tho  bottom  with  clay  {App,  8),  contains  eola- 
tion of  iodide  of  potassium — the  tube  b  solution  of  nitrate  of  lead — tbe  ves- 
eel  c  any  conducting  watery  liquid^ — and  tbe  ends  of  an  arc  of  lead  dipping 
into  a  and  b, — white  silky  needles  of  iodido  of  lead  and  potassium  are 
deposited  upon  tbe  lead  in  a^  gradually  decomposing,  and  changing  into 
octohedrons  of  iodide  of  lead, — If  a  contains  iodide  of  potassium  or  sodium, 
and  6  sulphate  of  copper,  metallic  copper  is  deposited  on  the  lead  in  b; 
and  on  the  lead  in  cr,  long  silky  needles  of  iodide  of  lead  and  potassium, 
or  iodide  of  lead  and  sodium,  from  which  water  extracts  iodide  of  potas- 
sium or  sodium— Copper  treated  in  tbe  same  manner  gives,  at  first,  white 
needles  of  iodide  of  copper  and  potassium,  then — after  their  decomposi- 
tion— octohedrons  of  iodide  of  copper,  (Becc(uereh) 

Tube  a  {App,  8),  containing  hydrosulphuTet  of  potassium,  which 
should  be  slightly  decomposed  by  exposure  to  the  air,  and  tube  b  contain- 
ing nitrate  of  copper,  sulpburet  of  copper  and  potassium  is  at  first  tlepo- 
fiiterl  on  the  copper  in  a  in  fine  silky  needles ;  these,  however,  are  gradually 
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<]econipo$ed,  and  converted  into  grey,  metallie^bining  cryetaU  of  diaul- 
phurct  of  copper  with  triaiigular  faces. — If  tlie  eopper  aalt  be  replaced  by 
nitnite  of  silver,  and  the  copper  arc  by  a  silver  are,  tbo  ailver  in  h  become^ 
covered  with  silver,  and  the  silver  in  a  witb  beautiful  prisma  of  sulpburoM 
of  silver  a^id  poti^ium,  which  are  ^adually  decomposed  by  the  nitri«^ 
aeid  carried  over  to  them,  bo  that  snlpbate  of  potash  and  octobedral  gul- 
phuret  of  eilvor  are  produced.  (BecquereU) 

The  tube  a  stopped  with  clay  (A pp.  7),  being  dlled  with  a  solotiou  of 
bicarbonate  of  soda,  the  vessel  b  with  a  solution  of  sulphate  of  coppor,  w 
a  copper  arc  dipping  into  tbe  liquids,  copper  is  reduced  on  the  copper 
fe,  and  bluish  green  nilky  needles  of  carbonate  of  copper  and  6uila 
depoeited  itpoii  a.     If  now  tbe  carbonate  of  soda  in  a  be  rcpbiced 
water,  the  i^^alvanic  action  becr»mes  weaker;  but  the  sulphuric  acid  whi 
goes  over  from  the  sulphate  of  copper  decomposes  the  abive-mentiont 
double  ealt  into  sulphate  of  soda,  and  partly  crystalline,  partly  pulvcrulej 
carbonate  of  copper.  (Becquereb) 

Two   tUffn-ent  htamf  7nftMic  saltf.     Cup  a  {Airp.  2),  containing  si 
pbate  of  zinc*  and  cup  h  nitrate  of  copper,  copper  in  a  is  positive  towari 
copper  in  6:  so  likewise  with  zinc  ami  lead.  (BocquereL)^A  copper  n 
dipping  into  a  vessel  filled  with  ^solution  of  corrosive  sublimate,  at  tbfi 
bottom  of  which  is  plated  a  piece  of  copper  [a  portion  of  which  dissolv( 
and  so  forma  the  second  liquid],  becomes  covered  with  metallic-sbini 
InnuujB  of  chloride  of  mercury  and  copper.  (Becquerel.) 

One  metallic  mlt  with  d  if  event  proportions  of  acid.     The  cups 
(App.  2),  contaiuing  the  same  solution  of  chloride  of  antimony,  and  i 
of  antimony  connected  with  the  galvanometer  dipping  into  both  of  them 
a  current  is  produced,  a*  soon  as  a  portion  of  acid  is  introduced  into  t] 
cup  (J,  tbe  untimouy  immersed  in  tbe  aoid  solution  becoming  positiv 
So  likewise  witb  chloride  of  bismuth  and  metallic  bismuth;  with  sulphate 
of  tin  and  metallic  tin;  with  chloride  of  lead  and  metallic  lead;  A^dth 
chloride  of  iron  aud  metjtllic  iron;  witb  nitrate  of  copper  and  metallic 
copper. — But  with  sulphate  of  zinc  or  f^rotosul pbate  of  iron,  on  tbo  con- 
trary,  the   seine   or  iron  in   the  acidulated   solution  becomea  nogatiye, 
(Becquereb) 

When  acetate  of  lead  is  poured  upon  pulverized  litharge  in  a  glaat 
tube,  and  a  bar  of  lead  immersed  in  both,  protoxide  of  lead  in  dodeca' 
drone  and  neeJles  is  deposited  upon  it  ^-If  tbe  tube  contains  pulveri 
oxide  of  copper,  a  saturat-ed  solution  of  nitrate  of  copper,  and  a  cop; 
rod— tbe  tube   being  also  well    closed— metaHic-shiuing  octohedrons 
cubes  of  suboxide  of  copper  are  deposited  on  the  rod  in  ten  or  fourt 
days.    If  the  tube  contains  much  oxide  of  copper,  the  liquid  in  tbe  con 
of  half  a  year  com pletely  loses  iU  colour,  and  is  then  found  to  contain 
nitrate  of  ammonia.     When   tbe  quantity  of  oxide  of  copper  is  smaller, 
tbe  liquid  remains  coloureil — and  the  crystals  of  suboxide  of  cop[>er  form' 
at  the  beginntug  lose  their  lustre,  and  tiike  up  nitric  acid. — When  oxi^ 
of  copper  and   siqucous  solution  of  chloride  of  copper  are  placed  in  t 
closed  tube,  the  liquid  loses  its  colour;  and  on  the  copper  rod  is  depoait* 
crystallized  subchloride  of  copper — which,  on  the  bide  turned  towariL*  t] 
light,  becomes  covered  with   capillary  crystal 8  of  suboxide.   (Becquerel 
[Mow  much  in  tlie.se  experiments  is  to  be  attributed  to  electro-chemf 
and  how  much  to  purely  chemical  action,  is  yet  to  h<s  deteruiiued.] 
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5,    The/our  ttidk  (^  ttoo  meUiUic  nrci  dip  into  two  $€purat4  vmeh  JilUd 

wkh  liquid. 

In  tbese  cases,  one  of  the  liquids  is  decomposed  by  tlie  metalj  tLe  otlier 
by  the  ekcUio  current  tlius  product. 


A.    The  same  liquid  in  both  ve$$€U. 

a.    Two  MeiaU^^^The  ends  of  both  metah  dip  into  one  vessel^  the  ends  of 
one  metal  only  into  the  other  vesseL 

In  the  following  e^perimentiJ,  Faraday  made  use  of  App.  10.  The 
platinum  wiie  o  which  dips  into  the  glftas  Teaeel  a,  is  continued  by  the 
galvanometer,  and  connected  by  the  iron  wire  pt  with  the  platinum  wire 
y,  whiiih  dips  into  the  vessel  h.  The  iron,  nickel,  or  etlver  wire  dipping 
into  a  is  connected  at  x  with  the  platinum  wire  i  which  dipu  into  h, — Tho 
eurrent  excited  by  the  iron,  nickel,  or  silver,  in  connection  with  the  pla- 
tinum in  the  liijuid  of  the  vessel  a,  hae  to  make  its  way  through  the 
liquid  in  the  veei^el  6,  which  weakened  and^  in  some  case^,  completely 
stops  it. 

If  a^hf  contain  nitric  acid  freed  by  boiling  ttom  nitroud  acid,  the  iron 
appears  slightly  positive  (*,  e.,  positive  electricity  goee  from  o  through  y, 
tj  p,  I,  to  j/i;  but  the  current  is  so  feeble,  that  it  is  far  exceeded  by  the 
opposite  current  excited  by  the  introduction  of  a  piece  of  jiaper  moistened 
With  hydrochloric  acid,  between  the  iron  and  platinum  at  jr.  A  similar 
result  is  obtained  when  the  end  of  the  iron  wire  which  dips  into  a  haa 
been  made  passive  by  ignition  in  the  air.  If  the  acid  is  diluted  with  four 
measures  of  water,  the  current  is  still  weaker  ;  and  in  both  cs^s  it  is  sur- 
pa«9ed  by  a  thermo-electrio  current  produced  by  a  single  pair  of  bismuth 
and  antimony. 

When  a,  6,  contain  fuming  nitric  acid — which  conducts  better  than  the 
ordinary  acid^ — iron  produces  a  stronger  current,  which  is  only  reduced  one 
half  by  the  opposite  thermo-electric  current  of  a  single  pair  of  bismuth 
and  antimony. 

If  l>otb  vessels  contain  a  mixture  of  equal  parti}  of  hypouitric  acid  and 
water,  both  ignited  and  unignited  iron  are  at  ^rst  ^ligntly  positive;  but 
the  current  soon  ceaaes,  Uo ignited  iron  in  a  beconies  passive;  but  the 
circuit  tttiJl  conducts  a  therm o -electric  current  well  (though  not  nearly  sa 
well  as  aulphuret  of  potassium) — and  moistened  paper  between  the  plati- 
num and  iron  at  x  excites  an  opposite  current.  When  the  end  of  the  iron 
dipping  into  a  has  been  ignitetU  the  circuit,  after  it  has  become  inactive 
conducts  the  thermo-electrio  current  with  great  facility.  [Iron  rendered 
passive  by  hyponitric  acid  is  covered  with  peroxide  of  iron,  which  is  not 
quite  80  good  a  conductor  as  the  black  oxide  (I'V  0'),  with  which  iron 
rendered  passive  by  ignition  is  coated.] 

In  concentrated  aqueoug  solution  of  potash,  silver  gives  scaroehr  any 
current;  iron  or  nickel,  a  feeble  current  which  soon  diminishes.  When 
the  solution  of  potash  is  diluted  with  six  measures  of  water,  silver  givea 
no  current,  nickel  or  iron  a  feeble  one,  which,  however,  continues  for  ^ 
longer  time.  In  these  c^me&,  paper  wetted  with  nitric  acid,  introduced  at 
z,  excites  an  opposite  current  of  greater  strength. 

If  the  cups  fi,  6,  contain  yellow  solution  of  sulphuret  of  potassium,  the 
iron  appears  negattye  towards  the  platinum  for  ten  minutes,  on  accoant 
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of  the  oxkle  wliicli  acllicrea  to  it.  After  tliis,  the  current  ceasee  altogetljer. 
Nevertheless,  the  circuit  conducts  admirably — an<l  produces  a  thenn«>-ok>o- 
tric  current  on  tht*  applicatiou  of  heat  at  x,  f/,  or  z  (where  tlie  iron  and 
platinum  lonch  one  an<»t!ier)— an4  a  galvanic  current  of  etill  greater  power 
on  the  introduction  of  paper  moistened  with  dilute  acid  between  the  two 
metals. — It  appears  then  tluit  no  eurrent  i^  excited  by  the  contact  of  two 
heterogeneous  nietab  at  Jt  (the  etFecta  of  contact  at  t/  and  z  would  neuiralizo 
each  otlier);  but  when  the  metals  are  separated  at  Jf  by  a  nioiH  con- 
ductor, a  current  is  produced.-^ uat  as  platinum  behaves  with  iron  in 
eolutiou  of  eulplmrct  of  potaseiuni,  so  also  does  gold  l>cbavo  wiib  iron  or 
nickel,  and  palladium  with  iron  or  nickel:  the  slight  deflectinn  of  the 
needle  which  always  takers  place  at  first,  soon  couses.  Only  in  the  case  of 
platinum  with  palladium,  is  the  very  feeble  current  of  Ioniser  duration — 
the  palladium  after  some  time  becoming  covered  with  sulphuret  of  palior 
dium-    (Faraday.) 

If  the  cups  (?,  6  (App,  2)  contain  solution  of  nitrate  of  silver — the  arc 
r/  i  consisting  of  silver,  the  arc  op  of  zinc  at  o  and  of  silver  at  p — a  silver 
"tree  is  formed  at /j  andy,  and  like  wise  [by  purely  cliomic^il  actiim]  on  the 
xinCj  whilst  the  silver  end  *  dissolves.    (H.  Hose  J 

Tlje  cups  a,b  {App.  2),  containing  solution  of  nitre — o  being  zinc,  ^ 
platinum,  and  fj  i  ztnc^the  current  is  strou^^er  than  when  a  and  b  arc  con- 
nected by  a  bundle  of  thrca<ls  satunited  with  sohition  of  nitre,  instead  of 
by  the  arc  of  zinc.  (H,  Davy.)  In  Faraday's  expfrimenta,  three  ends  of 
the  less  oxtduble  metal  are  ustnl;  in  those  of  Davy,  three  ends  of  the  mor© 
oxidable  metal.  (  Vid,  DecomposUiarut  h$  tite  eUctric  current,  Duipkra^mMSj 

h.  Three  MeiaU  and  ons  Luptid,     One  inHallk  arc  coruisU  oftmo  different 
metalSf  the  other  of  the  third  metaL 

The  cups  a,  h  {App.  2),  containing  a  solution  of  copper,  and  o  con  sit- 
ing of  zincj  p  of  silver, — copper  is  oreci  pita  ted  on  the  silver,  provided  the 
second  metallic  are  g  i  is  formed  of  one  of  the  more  oxidable  metals,  not 
of  gold  or  platinum.  (Singer) 

The  vessels  a  and  b  {App.  2),  containing  solution  of  nitrate  of  Bilver, 
and  o  consisting  of  zinc^  p  of  platinum,  ^  i  of  silver, — silver  is  rod  need  at 
o,/),and;/,  while  the  silver   end  i  dissolves,     [The  zinc  as  it  oxidates 
Bends  ncgati%'0  electricity  to  the  platinum — which  negative  electricity  com- 
bines with  the  silver  there  reduwd;  tho   silver  reduced  by  zinc  in  n  is    ^ 
deposited,  partly  on  the  zinc  by  purely  chemical  action,  partly  on  the  wilver    H 
end  g  by  electro-chemical  action.     The  negative  electricity  which  lias  to    ^ 
combine  with  the  silver  reduced   at  the  end  g  receives  it  from  the  silver 
end  i,  from  which  negative  electricity  is  set  free  by  the  combination  of    ^ 
the  silver  with  oxygen.] — When  the  silver  arc  g  i  is  replaced  by  an  arc  of   ^t 
platinum,  the  action  is  much  slower  [hecanse  the  platinum  end  i  takes  np    ^* 
no  oxygen,  and  therefore  gives  rise  to  no  transposition  of  atoms  in  M, — If 
the  vessels  ftf  6,  contain  solution  of  sulphate  of  cop|>er,  and  g  i  consist*  of    h 
silver,  copper  is  deposited  on  tho  zinc  [by  purely  chemical  action],  and    H 
likewise^  after  twenty-four  hour^,  on  the  platinum  and  on  the  silver  end  ^ 
[silver  probably  also  dissolving  at  t]. — When  tho  arc /;  t  consists  of  pla^- 
tinuin,  the  platinum  b  does  not  become  covered  with  copper  till  after  the 
lapse  of  two  days;  but  tho  action  is  much  more  energetic  when  the  arc  gi 
is  formed  of  zinc,  tin,  lea<l,  or  iron,  (Pfaff.) 

If  the  vessels  «,  h  (App.  2)  contain  a  mixture  of  1  part  of  oil  of 
vitriol  and  100  partja  of  water,  op  being  an  iron  wire  coated  at  p  with 
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peroxide  of  lead,  ami  gin,  platinum  wire^^ — hydrogen  gas  is  evolved  at 
the  plttttnutn  end  g^  and  oxygen  at  tbe  platinum  end  i.   (Sclionbetn.) 

The  metallic  arc  op  (App.  2),  conaiuting  of  platinum  dipping  into  a 
by  a  point,  but  into  6  by  a  large  surface,  and  tKe  cups  a,  b  containing 
water,  or  a  mixture  of  1  part  oil  of  vitriol  and  10  parts  water,  or  1  part 
oil  of  vitriol,  5  parts  common  salt,  and  100  parts  wat«r,  or  a  raixtnro  of 
sea-water  and  nitric  acid, — a  larger  deflection  is  produced  wben  the  arc 
g  I  consists  of  rinc  at  i  and  copper  at  g^  than  when  it  is  arranged  the  con- 
trary way.  But  with  a  mixture  containing  from  1  to  18  parts  oil  of 
vitriol  with  lOUU  parts  water,  or  1  part  bydrochloric  acid  and  80  parts 
water,  the  strongest  deflection  is  produced  with  zinc  in  a  and  copj>er  in  6, 
With  1  part  of  connnon  salt  in  10  of  water,  the  deflection  is  equally 
strong  both  ways,  (Marianini.) 

Various  c^ymhinatioiis  with  three  and  four  mftah. 

The  vessels  a,  6  (App.  2),  containing  either  pure  or  acidulated  water, 
the  current  produces  the  same  deflection  of  the  needle  in  each  of  the  fol- 
lowing three  combinations:  1.  o  zinc,  g  platinum,  p  and  i  copper j — 2^  o 
linct  />  platinum,  g  and  l  copper ; — 3.  o  zinc,  p  copper,  g  platinumj  *  iron. 
(PoggeDdorflT.) 

If  both  vessels  contain  water  acidulated  with  enlphnric  acid,  o  being 
cadmium*//  iron,  p  platinum,  and  i  copper,  the  current  excited  by  copper 
with  platinum  baa  the  advantage  over  that  produced  by  cadmium  with 
iron;  whereas  a  simple  circuit  of  cadmium  and  iron  produces  an  electric 
current  400  times  as  strong  as  that  excited  by  a  copper  and  platinum 
circuit. 

B»  Two  Liquids  and  two  Metah. 

a.  Each  metallic  arc  coiuist^  of  one  metal. 

This  armngement  may  be  regarded  as  a  combination  of  two  circuits  of 
two  metals  and  one  liquid— or,  according  to  Pohl,  as  a  combination  of  two 
circuits  of  one  metal  and  two  liquids. 

Experiments  of  this  kin*l  may  be  made  with  App,  2; — App.  20,  (The 
upper  end  of  one  of  the  metals  is  bent  round,  and  either  beaten  out  flat  or 
hollowed  into  a  cup;  and  in  or  upon  iVm  is  placed  a  liquid  or  a  piece  of 
paper  saturated  with  a  liquid,  with  which  the  bent  wire  i  of  the  other 
metallic  plate  £?  is  connected); — App.  21.  (The  two  bent  tubes  are  filled 
with  the  two  liquids,  in  which  are  immersed  the  four  ends  of  the  two 
metallic  arcs. 

If  the  cup  a  (App.  2),  contains  oil  of  vitriol,  and  b  nitric  acid — the  aro 
op  consisting  of  platinum,  gi  of  zinc,  tin,  lead,  iron,  copper,  brass,  or 
ailver — positive  electricity  goes  from  the  oil  of  vitriol,  through  the  galva- 
nometer interposed  in  the  platinum  arc,  to  tho  nitric  acid.  Hence  tho 
galvanic  action  of  the  oil  of  vitriol  on  tbe  more  oxidable  metal  overcomes 
that  of  the  nitric  acid.  The  contrary  eflect  is  generally  produced,  if  the 
cup  a  contains  solntion  of  chloride  of  calcium  instead  of  oil  of  vitriol; 
but  the  current  is  feeble.  (De  la  Rive.) 

The  cup  a  (App.  20)  containing  water  mixed  with  sulphuric  acid  and 
a  little  nitric,  the  arc  op  being  formed  of  zinc  and  g  i  of  platinum,  and  a 
piece  of  paper  satumted  with  iodide  of  potassium  being  placed  between  p 
and  t, — iodine  is  i^eparated  upon  the  platinum;  and  when  turmeric  paper 
is  used,  it  is  turned  brown  from  the  liberation  of  alkali  on  tbe  zinc  p. 
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The  sftme  JecompotitionB  of  the  second  liquid  are  obtained  with  tint, 
platioum^  and  aqueous  9ol  at  ion  of  potash  or  common  salt;  and  likewise 
(hs  Andrews  obtained  them  with  App.  19),  with  amalgamatedx  inc,  plati- 
num, and  water  merely  acidulated  with  sulphuric  acid.  In  these  ca«©sr, 
the  action  of  the  liqaiu  containing  acid  or  common  salt  upon  the  sine 
oyercomes  thatoftbo  solution  of  iodide  of  potassium  on  the  same  metal* 
In  thia  or  a  similar  manner,  zinc  with  platinum  in  dilute  eulphuric  acid 
decomposes  afjaeoiiB  solution  of  iodide  of  pota^inm,  fused  protochlofide 
of  tin,  and  fused  chloride  of  ailver — but  not  water  acidulated  with  sul- 
phuric acid,  hydrochloric  acid,  solution  of  Glauber's  salt,  fused  chloride  of 
lead,  or  fusecl "iodide  of  lead.  In  those  cases  in  which  no  decomposition 
takes  place,  there  is  likewise  no  current  produced.— Zinc  and  platinum 
in  aqueous  solution  of  potaali,  or  a  mixture  of  ammonia  and  sulphate  of 
ammonia,  decomposes  aqueous  solution  of  iodide  of  potassium,  sulphate  of 
eoda,  nitrate  of  silver,  and  hydrochloric  acid. — Zinc  and  platinum  in 
water  containing  both  sulphuric  and  nitric  acid,  decomposes  not  onlj  the 
above  named  compouTids,  but  also  fused  nitre,  fused  chloride  of  lead,  and 
fused  iodide  of  lea*!,  but  not  s^oTudon  of  acetate  of  lead.  It  is  not  the 
quantity  but  the  intensity  of  the  current  that  determines  the  decomposi- 
tion of  these  compounds  ;  largo  plates  of  zinc  and  platinum  in  water 
cnntainiiig  sulphuric  acid  do  not  decompose  tho  last  mentioned  sub- 
stances; but  the  decomposition  takes  place  readily,  even  with  wires  of 
these  metalsj  if  tho  water  contains  nitric  in  addition  to  the  sulphuric  acid# 
At  all  events  it  follows  from  these  experiments,  that  contact  of  metals  is 
not  essential  to  the  production  of  an  electric  corrent. — Polished  load  with 
platinum  in  water  likewise  produces  a  current  capable  of  decomposing 
iodide  of  potas^siura.  (Faraday,) 

Water  cootaiuing  sulphuric  acid  being  placed  in  the  vessels  (j4/>/>, 2), 
aqueous  solution  of  potash  in  6»  and  tho  ends  of  the  zinc  arc  op  and  of 
the  cop|icr  or  platinum  arc  </  i  dipping  into  both  liquids,— a  current  is  at 
the  first  instatjt  prutluced  in  favour  of  the  potash  (from  o  to  p) — but  it 
ceases  immediately.  (Faraday.) 

The  arc  o/)  {App,  21)  consisting  of  platinum,  the  are  grt  of  simie  other 
fnetal,  aud  the  tul»ca  a,  b,  containing  difl'erent  liquids — an  electric  current, 
generally  a  strong  one,  is  produced  in  the  direction  aoph^  when  the 
liquids  and  metal  are  disposed  in  the  following  order;  gi  iron,  a  dilute 
sulphuric  acid,  b  fmning  nitric  acid; — -pi  iron,  a  hydrochloric  acid,  h 
hyponitric  acid  diluted  with  water  sufficient  to  make  it  green; — gi  sine^ 
ciulraium,  leail,  or  copi>er,  a  hydrochloric  acid,  h  iodide  of  potassium;--* 
gi  iron,  a  tlilute  hydrochlorio  acid,  h  fuming  nitric  acid  or  yellow  solution 
of  sulphuret  of  potassium;— ^  i  iron,  a  dilute  nitric  acid,  ^concentrated 
colourless  nitric  acid,  fuming  nitric  acid,  liydrated  green  by]>onitric  acid, 
or  yellow  solution  of  fciulpburet  of  potassium; — gi  iron,  zinc,  cadmium^ 
lead,  or  copper,  a  dilute  nitric  acid,  h  iodide  of  potassium  ;—^  t  iron,  «i 
water  or  solution  of  common  salt,  h  hydratetl  green  hjrponitric  acid. — If 
tho  arc  op  consists  of  iron  instead  of  platinum,  the  current  takes  tho  same 
direction  with  the  following  arrangements:  gi  zinc  or  lead,  a  oil  of 
vitriol,  b  dilute  sulphuric  acid  ;— ^  i  copper,  a  yellow  8ulph»iret  of  potas- 
sium or  strong  nitric  acid,  h  dilute  nitric  acid  or  iodide  of  potasstunu 
The  galvanic  action  of  the  liquid  contained  in  a  always  predominates. 
(Faraday.) 

PoggendorfT,  by  the  use  oi  App,  2,  obtained  current*,  feeble  for  tfaa 
most  part,  and  varying,  not  only  according  to  the  liquids  used,  hot  likewm 
according  to  the  nature  of  the  metals.     The  acids  uaed  were  rerj  djlate; 
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+  JtiHrtea  that  tbe  galvanic  action  19  stroogost  in  the  Teasel  ot,  —  tbe 
contrary;  +  denotes  that  tlio  current  takes  tlie  former  direction  ai  first 
and  afterwards  the  latter;   4!  the  contrary. 
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The  flfrection  of  the  current  varies  with  the  degree  of  concentration. 
With  Jiinc  and  platinum,  hydrochloric  acid  produees  a  stronger  current 
than  iodide  of  pota^iumj  bat  with  dilute  acid  tLo  contrary  effect  is  ob- 
served. With  zinc  and  copper,  dilate  hydrochloric  acid  a  bo  has  tho 
preponderance,  [because  the  copper  takes  up  iodine].  Sulphuric  acid 
with  platiDum  aad  zinc  is  overcome  by  iodide  of  potaseium  [Faraday 
asserts  the  contrary];  and  with  a  aiixtare  of  one  measnre  of  oil  of  vitriol 
ftnd  two  measurea  01  water,  no  current  is  produced.  (Poggeadorffl) 

The  arc  op  con.sieting  of  platinum,  the  arc  ^  /  of  zinc,  and  the  two 
voesek  a,  h,  containing  water — then,  if  from  any  inequality  in  the  zinc 
plates^  &  feeble  current  i«  pro<luced  proceeding  from  (*  to  ^,  this  current  is 
actuallT  etreagthencd  by  the  introduction  of  common  salt  into  b — although 
this  flUDstance,  by  iacreasing  tbo  chemical  action  in  6,  might  be  expected 
to  produce  an  opposite  current.  Nitric  acid  introduced  into  b  like  wis© 
fltrengthens  the  current  in  many  caaes,  but  sometimes  changes  its  direction, 
(Poggendorff.) 

When  the  vessels  a,  h  (A pp.  2)>  contain  water,  and  op  consista  of 
platinum,  g  i  of  zinc,  no  current  m  apparent^  even  on  heating  one  of  the 
vessels  to  the  boiling  pointy  although  the  chemical  action  must  bo  thereby 
increased:  but  the  addition  of  a  small  quantity  of  acid  or  salt  to  the 
water  in  one  of  the  glasses  immediately  excites  a  current.  (Poggeadorfll) 

If  the  cup  a  (App,  2)  be  divided  into  two  parte  by  a  membranous 
diaphragm ^ — the  left  hand  divi.sion  in  which  the  platinum  arc  op  is  im- 
mersed containing  nitric  acid,  while  the  right  hand  division  into  which  the 
arc  571'  is  made  to  dip,  and  likewise  the  cup  b,  are  filled  with  a  mixture  of 
one  measure  of  oil  of  vitri(d  and  three  raeaaures  of  water — a  feeble  current 
is  excited  in  favour  of  the  cup  a;  but  the  zinc  in  6  is  moat  quickly 
dissolved,  (Poggendorlf.) 
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b.  One  nukillk  arc  U  formed  erUirtl^  of&ne  metal,  the  <dkir  archaJtfcf 
putai,  and  half  of  the  otfier. 

The  arc  o  p  {App.  2)  consisting  of  platlnnm,  the  arc  g  i  half  of 
half  of  pbtinam,— also  one  of  the  cups  containing  oil  of  ritriol,  the  other, 
nitric  acid, — the  deflection  amounts  to  only  5",  when  the  copper  is  placed 
in  the  nitric  acid;  but  to  40^  when  it  is  immersed  in  the  oil  of  vitriol — 
although  the  solalion  h  much  more  rapid  in  the  first  case  than  in  the 
second: — ^and  copper  with  platinnm  immersed  in  nitric  acid  alone,  pro- 
ducea  a  deflection  of  DO";  and  in  oil  of  vitriol  alone,  a  deflection  of  'I0^ 
In  conJ5e<inence  of  the  small  conductibility  [decomposihility]  of  the  oil  of 
vitriol,  the  electricity  developed  by  the  copper  and  the  nitric  acid  becomes 
neutralized  directly  on  the  metal.  (Dela  Rive,) 

The  arc  op  {App.  2)  and  ^  consisting  of  copper,  i  of  mine, — or,  on  the 
contrary,  o/»  and  j7  of  zinc,  and  i  of  copper, — and  the  cap  a  containin|^ 
spring  water,  b  acidulated  water,  or  the  contrary, — ^the  cnrrent  is  of  the 
same  strength  in  all  four  cases:  it  diminishes  however  more  cjuicklv  when 
the  line  ij  immersed  in  the  acidulate*!  water,  than  when  it  is  placea  in  the 
Bpring  water.   (Poggendorff*.) 

e.  Two  Liquids  and  three  Metah, 

The  vessel  a  (^App,  2)  oontaining  nitric  acid,  b  water,  and  the  arc  op 
consisting  of  platinum,  g  of  silver,  i  of  copjicr,  iron,  lead,  or  zinc, — these 
last  metaU  are  positive,  although  they  are  much  lesd  attacked  than  the 
silver  in  the  nitric  acid.  (Mariauini.) 

Addendunu 

PohVt  Battery,  One  zinc  and  seven  copper  platea  are  separated  from 
one  another  by  seven  layers  of  a  moist  conductor  which  does  not  surround 
them,  but  merely  touches  their  purfacea.  {A pp.  22;  Z  =  zinc,  C  =  copper, 
m  ^  raoist  conductor.)  The  zinc  at  one  end  is  connected  by  a  metallic 
arc  with  the  copper,  No.  7,  at  the  opposite  end;  similarly,  C^  with  C*,  C 
with  C^  and  C^  with  C*.  An  electric  current  sensible  to  an  interposed 
^alvjuiometer  gf»e3  through  all  the  nrcs,  through  the  first  and  third  in  one 
direction,  through  the  second  and  fourth  in  the  opposite  direction.  The 
current  in  the  first  arc  is  the  stronge^'t,  that  of  the  second  weaker,  and 
that  of  the  fourth  weakest  of  all.  (iPolil,)  [The  zinc  in  connection  with 
C*,  O.  and  C^  fumislies  an  example  of  the  ca^e  of  two  metals  with  one 
liquid  in  two  vessels,  described  on  page  403-  This  produces  a  current 
which  goes  from  C^  through  the  first  urc  to  the  zinc,  and  from  C*  through 
the  second  arc  to  C*.  So  far  the  result  is  eueily  explaine<I ;  but  the  origin 
of  the  current  in  the  third  and  fourth  ares  is  not  yet  a^ertained.] 
Compare  Henrici.     {Pogg.  53,  284.) 

PM&  Conimcted  Pile.  {Pogg.  50,  407.) 
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Ikstrum£nts  for  the  production  op  Electric  Currents  by  mejlks  or 

Cdemical  Action. 

I,  InstmmenU  comieting  of  a  Simple  Galvanic  CircuU,  ■ 

Wolhtfil^us  Thimhk  Apparatus  {Gilh,  54,  1),— the  smallest  siinplo 
galvanic  circuit  capable  of  igniting  a  met^iliic  wire,  is  thus  constructctl. 
A  copper  thimble  converted  by  removal  of  the  bottom  into  a  cylinder 
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'opeoed  at  both  endsi  is  beaten  B&t — m  that  the  opposile  etdes  are  brought 
within  two  lines  of  one  another.  In  this  space,  a  zinc  plate  not  qiVitc  |  of 
an  inch  wide  icsf^ietened  with  sealing  wax  in  «uch  a  mafiiier  as  no  where 
to  come  in  contact  with  tbe  thimble.  To  the  upper  end  of  the  thimble 
is  soldered  a  loop  of  siivcr  wire,  A  platinum  wire  1  inch  long  and  ^ 
of  an  inch  thick  is  sohlercd  to  the  u]iper  part  of  this  loop,  and  thence, 
carried  in  a  slanting  direction  towards  the  zinc.  Another  similar  wire 
fastened  to  the  zinc  plate  proceocja  in  a  direction  oppuaite  to  the  former, 
the  two  wires  being  fastened  into  glass  hulh^,  and  running  parallel  to  one 
another  for  a  certain  distance  with  a  very  small  interval  hetwccn  tliem. 
Lastly  these  two  wires  are  connet:ted  together  In  the  middle  by  a  yery  fine 
wire  of  platiinim.  To  obtain  this  fine  wire,  a  phttinnm  wire  Yfrn  t>f  an  inch 
thick  is  snrrotmded  in  a  mould  with  arhar  of  silver  ^  of  an  inch  thick,  The 
compound  wire  thus  formed  is  drawn  out  to  the  thickness  of  y^^  of  an  inch; 
a  piece  of  it,  an  inch  in  length,  is  bent  rounds  and  the  bent  part  immersed  in 
nitric  acid — which^  by  dissolving  the  silver,  exposes  a  platinum  wire  of  such 
extreme  fineness  that  it  can  scarcely  be  seen  by  the  nakcil  eye.  If  now 
the  ends  of  this  wire  still  retaining  the  silver  he  drawn  ti^rlitly  over  the 
two  thick  platinum  wires,  soldered  to  them  with  zinc  and  sal-ammoniac, 
and  then  the  projecting  parts  cut  off^  the  two  thick  platinnm  wires  will 
be  connected  by  means  of  a  wire  of  extreme  tenuity.  On  immersing  this 
apparatus  nearly  up  to  its  upper  rim  in  a  ndxtnre  of  one  mea^sure  of  oil  of 
vitriol  and  50  of  water,  the  fine  wire^whose  length  must  not  exceed 
from  ^^^  to  yV  of  an  inch — beeonies  incandescent  and  remains  so  for  some 
seconds.  [The  negative  electricity  set  free  from  the  zinc  as  it  dissolves 
combines  in  the  very  thin  wire- — through  which  it  passes  with  difficulty 
— with  positive  electricity  evolved  from  the  thimble.] 

IIa}r»  Deflagrator  and  Calorimoior.  Large  coutinuons  surfaces  of 
zinc  on  the  one  hand  and  copper  on  the  other,  placed  near  to  one  another 
but  not  in  contact,  are  immersed  in  an  acid  liquid.  If  the  copper  and 
zinc  be  then  connected  bj  a  thick  metallic  wire,  positive  electricity  goes 
from  the  copper  to  the  zmc,  and  negative  electricity  from  the  zinc  to  the 
copper,  in  very  large  quantity— so  that  connecting  wires,  oven  of  some 
thickness  are  heated  and  fused,  and  a  piece  of  charcoal  placed  between 
the  ends  is  brought  into  a  etate  of  vivid  incandescence.  But  the 
tent^ion  of  the  current  is  as  low  as  when  a  small  pair  of  plates  is  need. 
Hence  when  the  connection  between  the  copjier  and  zinc  is  formed  by 
means  of  imperfect  conductors,  such  as  litjuids^  the  current  is  nearly 
stopped. 

Of  the  Defagraior  there  are  two  fonns:  1.  A  zinc  plate,  0  inches 
broad  and  D  inches  long,  and  a  copper  plate,  (5  inches  broad  and  14  inches 
long,  are  rolled  up  together  into  a  eylin<ler  2^  inches  in  diameter,  in  such 
a  manner  that  they  never  come  into  actual  contact,  but  remain  at  the 
distance  of  a  quarter  of  an  inch  from  one  another, — the  last  coil  of  the 
Kinc  being  completely  surrounded  by  the  cop{>er.  All  the  copper  plates 
of  eighty  such  rolls  are  united  by  soldering  with  a  single  metallic  rod,  and 
thus  connected  with  each  ether;  a  similar  connection  is  made  between  all 
the  zinc  plates.  When  these  rolls,  suspended  by  a  lever,  are  simultar 
ucously  immersed  in  eighty  cylindrical  glasses  filled  with  dilute  acid,  and 
the  two  metallic  ro<ls  connected  by  a  platinum  wire  \  inch  thick,  the 
wiro  is  instantly  melted.  Copper  and  mcicury  are  burnt,  A  leaden  tube 
being  soldered  to  tlie  extremity  of  the  wire  proceeding  from  the  copper, 
and  a  pointed  piece  of  charcoal  fixed  into  the  tube — then,  on  bringing  this 
piece  of  cliarcoal  near  another  piece  similarly  fitted  to  the  zinc  side,  or 
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near  a  platinnm  wire  }  inch  tblck^  con  nested  witb  the  suie,  m 
zliug  Wght  is  produced  (p.  317). 

2.  Two  hundred  and  fifty  zmc  plates,  each  3  inches  wide  luid  7  inches 
long,  are  placed  in  250  flat  copper  cases^  open  at  top  and  bottom.  Every 
50  of  these  pairs  are  hong  on  a  separate  bar  of  wood.  Each  copper  ivwe 
is  eeparatecl  from  the  next  hj  a  corering  of  paste-board,  coated  witli 
flhellae  yamish.  In  this  manner,  50  copper  cases  are  united  into  one  dense 
jno^.  Under  each  of  the  5  immoTaMc  liars  is  place<l  a  troagh,  filled  with 
dilute  acid.  All  5  trongha  are  placml  on  a  common  9ii|ipnrt,  which  can 
bo  let  npand  down — eo  that,  on  raising  the  troughs,  the  lifjuid  contained 
in  them  filla  the  space  between  the  zinc  and  copper.  The  eflects  pro- 
dneed  by  this  apparatus  are  similar  to  those  of  tne  arrangement  last  de- 
scribed, or  oTcn  stronger. 

In  the  Calorimcdor,  20  copper  and  20  xinc  rlatei!,  each  baring  a  sur- 
face of  IB  square  inches,  are  fastened  alternately  and  perpendicularly  in 
a  frame:  all  the  copper  plates  are  soldered  to  one  common  bar,  and  all 
the  zinc  plates  to  another.  The  whole  is  immersed  in  a  trough  filled  with 
acid,  and  the  copper  connected  with  the  zinc  by  a  conductor.  This  ap- 
paratus produces  similar  but  less  powerful  eflects.  With  from  60  to  120 
copper  and  as  many  zinc  plates,  platinum  wire  may  be  fused,  &c. 


I 


II.    J nstrnm^nU  formed  hp  the  union  of  §everal  SimpU  Oalwmic  Circuits, 
Voltaic  Pihs  in  the  more  extended  Sense j — Galvanic  BaUeries. 


L     The  Simple  Circuits  consisting  of  two  Metals  and  one  or  two  Liquids? 

When  two  metals  m,  «,  are  connected  with  a  fluid  with  which  tliejr 
form  a  simple  galvanic  circuit,  in  the  following  order:  mft,  mft,  tnft, 
8ec.f  the  following  effects  are  produced. 

1.  In  the  outermost  m  on  the  left,  nnd  the  outermost  t  on  the  right, 
examination  with  the  electrometer  {not  the  galvanometer)  shows  tho 
presence  of  a  tjuautity  of  free  positive  and  free  negatire  electricity,  which 
increases  with  the  number  of  eimplo  circuits  united; — indeed,  the  free 
electricity  appears  to  inci'case  in  direct  proportion  to  the  number  of  simple 
circuits. 

2.  When  one  of  the  external  pieces  of  metal  is  connected  with  the 
ground,  and  its  free  electricity  thereby  removed,  the  quantity  of  the  op- 
posite free  electricity  in  the  other  external  pieoe  of  metal  is  doubled. 

3.  When  the  two  otitside  pieces  of  metal  are  connected  by  means  of 
a  good  conductor — e.  rj.  a  wire — and  the  open  circuit  thereby  converted  into 
a  closed  circuit,  the  deflection  of  a  magnetic  needle  in  the  neighbourhood 
of  the  wire  is  very  little,  if  at  all,  grofiter  than  that  which  would  be  pro- 
duced by  a  simple  circuit  consisting  of  the  same  elements, — proTided  that, 
in  the  latter  case,  the  connecting  wire  is  thick  enough  to  afford  freo 
passage  to  electricity  of  small  tension, 

4.  But  the  tension  of  the  current  increases  with  the  number  of  stm- 
pfe  circTiit*  eouneeted  together;  and  hence,  the  current  ;renerated  by  a 
Cfimpmnd  circuit  can  pass,  with  little  or  n^j  diminution  of  strength, 
through  long  wires  and  injperfect  con d actors,  by  which  the  current  of  a 
simple  circuit  irould  bo  greatly  enfeebled,  or  even  completely  arrested, 

5.  If,  while  the  circnrt  is  closed^  the  contiguous  pieces  of  metal  f,  m, 
be  separated,  and  then  connected  by  a  wire,  an  electric  cnrrent  will  pMs 
through  erery  such  wire,  of  the  same  <juantity  and  tension  as  that  which 
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paa3€8  through  tbo  raetftllic  arc  ctmnecting  the  two  outennoBt  pieces  of 
inetaL 

[Cireuit  open:  If  two  pairs  of  metallic  plates— f.  q,  of  zIdc  aod  copper 
• — are  phiced  in  two  cnps  or  cells  a,  6  {App.  23),  filletl  with  the  ^apie 
litiiiid,  acidulated  water  for  inBtaoce,  C^  being  connected  with  Z^  by 
a  wire  f/ 1,  but  Z*  not  connected  with  C^  by  the  wire  o p^ — the  negative 
electricity  set  free  by  the  oxidation  of  Z'  may  indeed  pass  over  to  C',  and 
thence  to  the  hydrogen  set  free  by  Z^: — hut  since  the  negative  electricity 
8et  free  in  Z*  haa  no  other  way  of  escaping  than  by  pa-ssing  to  the  hydro- 
gen of  the  cell  cf,  and  the  hydrogeii  liberated  in  the  cell  b  can  only 
receive  ita  negative  electricity  from  Z*, — scarcely  anything  but  ]tnrely  che- 
mical action  takes  place,  and  the  hydrogen  is  evolved  on  the  two  zinc 
plates.  But  just  as  in  the  unclosed  simple  circuit  (p,  342,  c),  so  likewise 
in  this  case,  a  feeble  electro-chemical  action  takes  place:  forv  in  conse- 
quence of  the  difficulty  which  the  negative  electricity  finda  in  passing 
from  the  zinc  to  the  hydrogen,  a  small  quantity  of  negative  electricity ^^ 
which  may  be  called  one  negative  portion— remains  m  Z'  and  Z^.  The 
small  quantity  of  hydrogen  which  does  not  receive  from  the  zinc  the 
quantity  of  negative  electricity  belonging  to  it,  either  takes  it  from  the 
caloric  of  the  liquid  and  liberates  positive  electricity,  which  passes  over 
to  C^  and  C^ — or  it  is  conveyed  by  transposition  from  7J  to  C\  aoil  from 
Z"  to  C,  taking  up  negative  electricity  in  both  these  plates,  and  liberat- 
ing positive  cleetricity  (one  pooilivc  portion  («)  in  each  plate).  The 
positive  portion  in  C^  immediately  unites  with  the  negative  portion  in  Z^ 
to  form  caloric  0);  and  since  to  the  negative  portion  in  Z',  there  is  no 
longer  oppoeed  any  positive  portion  in  C\  nor  any  negative  portion  in  Z* 
to  the  poBitivo  portion  in  C^,  and  consequently  the  electrical  difference  is 
rediieed  one  half, — it  follows  that  2  negative  portions  can  accurtiiilate 
in  Z^  and  2  positive  portions  in  C7,  till  the  tendency  of  the  two  electri- 
cities to  combine  prevents  their  farther  accnmulation*  Upon  this,  a 
eecond  positive  position  passes  into  C^  and  a  second  negative  portion  to 
2"  (y);  but  these  portions  again  neutralize  one  another  (^),  Whereas, 
therefore,  in  the  simple  galvanic  circuit,  the  zinc  contains  one  negative  por- 
tion and  the  copper  one  positive  portion  of  free  electrieityt — in  the  two- 
X>air  circuit,  on  the  other  hand,  Z^  contains  2  negative  portions  and  C 
2  positive  portions,  while  C*  and  Z*  are  neutral.  This  accumulation  of  a 
double  quantity  of  negative  electricity  in  Z^  and  of  positive  electricity  in 
CP,  producer  a  twofold  electrical  tension. 
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When  three  simple  eircnits  are  united  (A  pp.  24),  one  poeitiT©  portion 
from  C^  is  neutralized  by  one  negati%'e  portion  from  Z*,  and  similarly,  ono 
positive  portion  from  C^  by  one  negative  portion  from  Z^  (a,  0):  anti  since 
those  4  plates  are  thereby  rendered  neutral,  a  second  negative  portion 
can  accumulate  in  Z*  and  a  second  positive  portion  in  C^ — whereupon  the 
portions  developed  in  the  4  middle  plates  again  nentralize  one  another, 
(y,  I).  But  thirdly,  2  negative  portions  accunjulate  in  Z^  half  of  which 
i§  communicated  to  C\  and  2  positive  portions  in  C  half  of  which  it 
csommnnicated  to  2*  (•,  f).  Since  now  Z^  which  already  contains  2 
negative  portioiw,  i«  op]iosed  to  C\  with  one  negative  portion^  a  third 
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negative  portion  can  accumiiUte  in  2\  until  the  majtimum  is  attained; 
— aD<l  in  the  same  inannerj  3  positive  portions  accumulate  in  C*, 
wbicb  is  opposed  to  Z\  containing  one  puaitive  portion  (u),  Lajstlj, 
the  portions  m  C*  and  Z*,  and  those  in  C*  and  Z',  difttribnte  tbeniiselves 
uiiifonnly  (S). 
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According  to  this,  tlie  portions  of  electricity  are  distributed  as  follows 
in  an  unclosed  circuit: — Simple  Circuit:  Z  — ,  C +.  Two-pair  Circuit; 
Z'  2  -,  C  0,  Z*  0,  Cr«  2  +,  Three-pair  Circuit:  Z»  3  -,  C^  -,  Z'  — , 
C»  +,  Z*  -f,  C"  3  H-.  Four-pair  Circuit:  Z^  4  -,  C^  2  — ,Z'  2  — ,  C^  0, 
Z='0,  C'2-h,  Z*  2 +,  CM-I-.  Five-pair  Circuit:  Z^5-,  C  3  — , 
Z>  3  -,  C=  -,  Z=  ^,  C»  +,  Z*  -hi  C*  3  +,  Z*  3  +,  C*  5  -f ,  and  so  on. 
Hence  the  quantities  uf  electricity  accmnulateJ  in  the  terralual  platen, — 
and,  therefore,  also  tlie  electrical  tcnsious  of  the  poles,— increase  in  direct 
jjroportion  to  the  nuuiber  of  plates. 

When  one  of  the  teriuinal  plates  is  connected  with  tUo  ground,  «.  ^, 
C""  of  tlic  double  circuit  (App,  23),  and  the  two  portions  of  positive  elec- 
tricity ihereby  couductetl  away^  a  fresh  aecnmnlation  of  elrctricity  takes 
place  ill  the  opposite  terminal  phite  to  the  same  amount  as  before,  making 
in  all'  4  negative  portions.  For  since  C^  is  neutral,  2  negative  portions 
can  accumuhite  in  Z^  till  the  maximum  of  tension  is  attained,  and  simi- 
larly in  C\  whifb  is  connected  with  it;  so  that  Z^  opposite  to  C^  can  now 
retain  4  negative  portions. '  In  the  same  manner,  4  positive  portions 
accumulate  in  C*  when  the  electricity  of  Z^  is  conducted  away.  Gene- 
rally; whatever  may  bo  the  number  of  pairs  in  the  battery,  the  electrical 
tension  of  either  pule  is  doubled  when  the  electricity  accumulated  in  the 
other  pole  is  conducted  away.] 

[Ciratit  dosed:  As  soon  as  Z^  is  connected  witli  C*  (^pp-  23)  by  a 
metal  He  urc  op,  electro-chemical  action  is  enabled  to  proceed  on  an  eic- 
tendcd  scale.  The  negative  electricity  de\*eloped  by  the  oxidation  of  Z^ 
goes  tbnmgli  op  to  C*,  and  thence  to  the  hydrogen  liberated  by  Z*  from 
the  water  in  cell  h.  The  negative  electricity  evolved  at  the  same  time 
from  Z'  pa^es  through  C^  to  the  liydrogen,  which  is  transferred  from  Z' 
to  C^  Hereupon,  negative  electricity  goes  from  o  to  p  and  from  i  to  ^,- 
<ir,  what  comes  to  the  same  thing,  positive  electricity  goes  from  p  to  o  and] 
from  ^^  to  L 

The  (|uantities  of  electricity  flowing  through  op  and  gi  are  Cfjual: 
the  galvauometer  shows  the  same  deflection,  whether  it  is  interpose" 
between  op  orffL     This  is  in  accordance  with  the  fact,  that  the  fpiantitj'^ 
of  hydrogen  gas  evolved  on  C^  is  the  same  as  that  on  C^.     Suppose,  for 
example,  that  the  electro-chemical  action  were  stronger  on  Z'  than  on  Z': 
the  quantity  of  negative  electricity  tmnsmittcd  from  Z*  to  C-  w^ould  thoi 
be  more  than  sufficient  to  saturate  the  hydrogen  gas  there  evolvetl,  whilq 
Z'  would  give  to  C^  a  quantity  of  negative  electricity  less  than  that  i 
quired  by  the   hydrogen  evolved  on   C*.      Hence  the  electro-chemicAll 
actions  in  the  two  celli  control  one  another  in  auch  a  manner^  that  equal 
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quatitlties  of  electricity  pass  tbrnugli  tlio  two  metallic  arc-s,  and  ©qnal 
vo) times  of  hydrogen  gas  are  evolved  on  tho  two  copper  plates.  If  the 
cUeiiiical  action  in  one  cell  becomes  stronger  than  thiit  in  the  other,  the 
exrf'ss  takes  the  purely  clieniical  form,  and  the  superabundant  hydi'ogen 
IH  all  evolved  af»ou  the  ziac» 

The  current  wbicb  pa^es  from  o  to  p  in  a  two  pair  circuit  is  not 
greater  in  quantity  tban  that  which  traverses  the  connecting  wire  of  a 
Btmple  circuit;  provided  that  the  quantity  of  zinc  dissolved  oil*  the  zinc 
plate  of  the  latter  in  a  given  time  is  equal  to  that  dissolved  from  racli 
zinc  plate  of  the  two-pair  circuit,  and  tbat  no  jnirely  cbemical  action 
take:^  place  in  either  case  (as  when  aniulganmtcil  zinc  h  used); — or  else 
that  iu  both  cases  the  quantity  of  purtdy  cbemical  action  bears  tlie  same 
pro|>ortioii  to  that  of  the  electro-eliemical  action.  For  the  negative  eiec- 
triciJy  which  in  the  two-pair  battery  run.s  fhroii*;b  o p^  proceeds,  not  from 
both  zinc  plates^  hut  only  from  Z^;  and  if  no  more  of  tlii^  plate  he 
oxidized  in  a  given  time  than  of  the  zinc  plnte  of  a  single  p^iir,  the 
quantity  of  negative  electricity  developed  in  the  former  case  will  likewise 
not  be  greater  than  that  dev eloped  in  the  latter.  The  negative  electricity 
evolved  from  Z'  merely  pa-^'scs  through  the  arc  f/  i\  and  is  ahsorhed  at  C* 
hy  the  bydrogon.  Similarly,  with  batteries  consisting  of  scvenil  pairs; — 
m  many  pairs,  so  many  separate  currents. 

If  tlje  circuit  be  opened  at  //  i  while  it  remains  closed  at  op,  C  and  Z' 
become  the  poles.  If,  therefore,  in  a  battery  consisting  of  several  pairs, 
and  Iiaving  its  ends  nietalliciiHj  connected,  any  zinc  plate  he  separated 
from  the  copper  plate  with  which  it  is  associated,  those  two  plates  become 
the  poles. 

The  quantity  of  electricity  in  the  current  may  however  he  increased 
by  angraenting  the  number  of  pairs,  if  the  eleetro-cbcmical  action  in  the 
individual  paira  is  aecompfinied  by  purely  chemical  action  For,  the 
greater  tension  or  velocity  of  tlie  current  produced  by  seveml  pairs  causes 
the  purely  cbemical  action  to  diminish  and  tbe  clectro-cbeuiical  action  to 
increase.  But  this  increase  of  quantity  can  only  rise  to  tbe  maximum  at 
wdiieh  the  action  becomes  wholly  electro- chemical — and  consequentlVt  all 
the  negative  electricity  of  the  zinc  parses  to  tlie  hydrogen  through  the 
other  metaL 

It  appears  then  that  the  onion  of  several  pairs  in  a  battery  increases 
the  tension  of  tbe  electric  current  in  direct  proportion  to  tbe  number  of 
pairs,-^and  likewise  augments  tbe  quantity  to  a  certain  extent  in  those 
cases  in  which  a  considerable  quantity  of  the  negative  electricity  of  the 
jsinc  in  tbe  simple  circuit  is  withdrawn  from  the  current  by  purely 
chemical  action. 

We  may  conclude  then  that  the  Quant U^  of  the  electric  current  of  a 
galvanic  battery  depends:  I.  On  tbe  Ntrengtii  of  tbe  electrO'chcmieal 
action  in  the  individual  simple  circuits  of  which  tbe  battery  is  composed — 
principally  therefore  on  the  circumstances  considered  {pp.  37 6. ...381.) 
2»  On  tbe  number  of  pairs — because  as  tbat  number  is  increased,  pur© 
chemical  action  is  more  and  more  prevented. 

The  Tension  depends:  I.  On  tbe  tension  of  a  simple  circuit:  and  2, 
On  the  number  of  simple  circuits  conjoined. 

According  to  the  view  just  laid  down,  a  galvanic  battery  of  zinc  and 
copper  with  fluid,  should  be  constructed  in  the  following  order:  Z/C, 
Z/C,  ZfC,  &€. ;  and  accordingly,  the  zinc  pole  is  negative  and  the  copper 
positive,  as  iu  tbe  simple  circuit.  But  according  u*  tbe  contact  theory, 
which  regards  the  contact  of  the  two  metals  as  tbe  principal  source  of  the 
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electricity,  tLe  battery  fibould  be  arranged  as  followfl^  0  Z/,  C  Z/,  C  2/ 
&c.  In  thU  anraogemeDt,  the  copper  pole  on  ibe  left  is  negBtive  and  tbe 
zinc  pole  on  the  rigbt  positive.  Hence,  the  expreseions,  copper  poU 
instead  of  negative  j>ole — and  zinc  pole  instead  of  positive  pole,  are  of 
frequent  occurrence.  But  according  to  the  cbemical  theory,  the  onter* 
roost  copper  on  the  left  and  the  outermost  zinc  on  the  right  are  altogether 
without  influence  on  the  force  of  the  battery;  and  if  these  two  external 
members  are  removed,  the  first  mentioned  arrangement  remains  behind.] 


Ohm^E  Formulmj  relating  to  the  Quantity  of  the  EUdric  Current. 

1.  For  a  conductor  into  Vfltou  extrtmiiUs  ifu  two  tUctridtUi  fiaw  with  ^ 

f/iven  temion : 

Let  A  be  the  electrical  tension ;  K  the  conducting  power  of  the  wire 
or  other  conductor ;  w  the  surface  of  its  transverae  section ;  L  its  length  j 
Q  the  quantity  of  the  current,  then 

Hence  the  quant tty  of  tbo  entering  electric! tiea  which  pae^  through 
the  wire  in  a  given  time,  varies  directly  as  the  tension  of  the  electricities^ 
the  conducting  power  and  thickness  oftbe  conductor, — and  inversely  as  ita 
length.  Hence  also,  the  quantity  of  the  current  in  two  conJuctora  is  the 
same,  when,  with  equal  electrical  tension  and  conducting  power,  the 
ratio  of  the  transverse  section  to  the  length  is  the  same  in  both  ;  or,  witli 
equal  tension  and  equal  transver&o  section,  the  ratio  of  the  condoctiiig 
power  to  the  length  ibs  the  same ;  or,  with  equal  conducting  power  and 
equal  transverse  section,  the  ratio  of  the  tension  to  the  length  is  the 
same. 

2.  For  a  $imple  Galvanic  circuU, 

Let  A  be  the  electromotive  power  of  the  circuit  (or  tbe  tenaioD  t),  B 
the  resistance  which  the  current  nieets  with  in  the  circuit  itself.  Thia  is 
tlie  resultant  of  the  following  individual  resistances : — a*  Hesistance  of 
the  two  metallic  plates  which  tbe  current  has  to  traverse;— 6.  Resistance 
of  tbe  liquid  through  which,  according  to  the  ordinary  view,  the  current 


passes,  [according  to  p,  343,/,  this  is  the  resistance  which  the  liquid 
opposes  to  the  transposition  of  atoms].  To  this,  Fechner  and  Fuggcndorff 
add  c):  the  resistance  of  transition,— t.  e.  the  resistance  which  exists  to 


the  passage  of  tbe  electric  current  from  the  metal  to  the  liquid,  and  con- 
Tersely. 

Also,  let  t'  be  the  resistance  of  the  conductor  wbicb  unites  the  two 
metals,  and  Q  the  quantity  of  the  electric  current  which  enters  it;  then 

Q  =  „  —  ;      therefore  A  =:  Q  (K  +  r) 

3.  For  Oie  Galvanic  Baiteri/, 
n  denoting  the  number  of  united  simple  circait0« 
Q  =         ''^ 


«  R  H-  r 
When  tha  resistance  r  of  the  conductor  which  closes  tbe  circuit 
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inconsiderable  in  comparison  with  the  resistance  R  in  the  iiidi¥idiial  cur- 
cuiia,  it  nearly  vanishes  iu  the  formula,  and  there  remains 

n  A      A 

^ -     nE      -      X 

that  ifl  to  say;  the  quantity  of  the  current  ia  the  eame,  whether  it  proceerb 
from  one  pair  or  from  scvoraL 

But  if  the  refiiBtance  uf  the  conductor  which  closes  tho  circuit  ia  con- 
siderable— e,  g.^  from  the  iaterpositiou  of  water,  <fcc, — then,  Q  increai^es 

considerably  with  tho  numberofpairg— because  then  g- .      gives  a  much 

smaller  quotient  than  — ^ 

The  development  of  tlije  subject  may  be  found  in  Ohm's  Memoirs 
already  cited  on  page  307;  likewise  in  0km s  Gnlvaniacke  K^tte,  Berlin, 
1827 ;  Fechuerj  MaiUsheMhnmungeti  der  galvanisc/i^n  Ketie,  Leipzig^  1 831 ; 
Pouillet  {Pogg^  42,  281);  Henrici  {Fogg,  63,  277). 

QuautUt^  of  (he  Electric  Curreni  of  a  Galvmiic  Battery, 

With  amal^matod  zinc  and  platinum  in  dilute  sulphuric  acid^  the 
quantity  of  tho  current  m  not  increased  by  augmenting  tho  number  of 
pair.^.  One  pair,  by  the  oxitlation  of  oue  atom  of  zinc^— provided  the 
connecting  wire  be  thick  enougli  to  transmit  tlie  feeble  current  without 
diminution — supplies  as  much  electricity  in  the  form  of  a  current,  a*  1 000 
pairs  would  supply  by  the  oxidation  of  1000  atoms  of  zinc.  In  all  the 
celia,  equal  qnuutities  of  water  are  Jecom posed  and  equivalent  quantitiea 
of  aiuc  disbolved,  viz.  32'5  parts  (I  At.)  of  zincj  to  1  part  (1  At.)  of 
hydrogen  gas  evolved,    {Faraday.) 

A  u umber  of  pairs  doea  not  produce  a  stronger  deflection  of  the  gal- 
vanometer than  a  single  pair;  one  pair  acta  more,  another  less  strongly. 
The  eum  of  the  effects  [quantities]  of  the  single  pairs  divided  by  the 
number  of  pairs  gives  the  effect  [quantity]  of  the  pile:  hence,  a  larger 
pair  added  to  a  number  of  smaller  pairs  increases  the  action, — a  smaller 
pair  diminishes  it.  (Marianini.) 

Even  though  the  several  pairSj  from  differences  in  extent  of  surface  or 
in  the  nature  of  the  liquid,  should  individually  produca  different  quanti- 
tiet  of  electricity, — still,  all  the  currents  wLich  pass  from  the  electro* 
ne^titive  to  the  electro- positive  metals  of  the  several  pairs,  after  the 
uniim  of  these  pairs,  are  mathematically  equal.  The  quantity  of  elec- 
tricity in  the  current  of  a  battery  is  greater  than  that  of  the  weakest 
pair  taken  singly, — because,  when  this  pair  is  joined  to  tliC  battery,  no 
more  pure  chemical  action  takes  place  in  it,  A  very  feeble  pair  is  to  be 
regarded  only  as  an  iuterposcd  plate  (t'ttf.  seq.)  which  weakens  the  cur- 
rent; and  the  quantity  of  tbe  curreut  remains  the  same,  even  when  the 
weak  pair  is  introduced  in  the  reverse  order.  (De  la  Hive,) 

Tho  quantity  of  the  current  of  a  pile  charged  with  dilute  sulphuric 
acid  is  very  much  diminished,  when  this  pile  is  united  in  the  proper  order 
with  another  containing!  only  water,  (Schonbein.) 

If  10  pairs  of  amalgamated  zinc  plates  and  platinum  plates  are  sepa- 
rately immersed  in  dilute  sulphuric  acid,  different  qminlities  of  hydrogen 
gaa  are  evolved  in  a  given  time  on  the  surfaces  of  the  several  platinum 
plates,  the  variation  amounting  to  about  J  of  the  whole.  But  when  all 
the  10  pairs  are  united  into  a  battery,  the  quantity  of  gas  evolved  au 
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each  platiaam  plate  15  tlio  sa.mo,  and  equal  to  that  wbjc!i  was  before 
evolved  on  tlie  platinum  plate  of  tlio  weakest  pair.  If  the  nngs  of  all 
the  zinc  and  platinum  plates  are  immersed  in  a  vessel  filled  wiih  mercury, 
the  dovelopnunt  of  guM  on  the  platinum  plates  again  becomes  as  unequal 
as  ill  the  imt  ca'^e.  If  every  two  zinc  plates  he  connected  with  every 
two  platinnm  plates,  ami  the  5  double  pairs  united  into  a  battery,  the 
evolution  of  gas  is  the  Fame  in  all  the  cells.  When  8  pairs  are  left 
simple,  and  connected  with  one  double  pair  to  f*»rm  a  battery,  the  quantity 
of  gas  evolved  on  the  two  platinum  plates  of  tbe  double  pair  taken  together^ 
id  not  greater  than  that  evcdved  on  each  platinum  plate  of  tbe  sin^jlo 
pairs.  When  each  of  the  10  zinc  plates  is  placed  between  two  platinum 
plates,  the  evolution  of  gas  on  each  double  plate  is  increased  nearly  two- 
fold; and  piirt  of  the  gas  likewij:e  escapes  on  that  surface  of  tbe  platinum 
which  is  turned  away  from  the  zinc.  When  nnumaliraniatcd  zinc  is  U8e<l,  a 
great  deal  of  hydrogen  gas  is  evolved  upon  lbs  surface;  but  the  quantity 
evolved  on  the  platinum  is  the  same  a-s  when  the  zinc  is  amalgamated; 
hence  the  local  f pure  chemical]  action  does  not  interfere  with  the  force  of 
the  en rren  t*  ( D an  i el  L ) 

If  seventl  pairs  of  amalgamated  zinc  and  platinum  in  dilute  stilphurirt 
acid  are  united  into  a  hattervt  and  the  polar  wires  dipj>ed  into  dilute  kuI- 
phuric  acid*  the  quantity''  of  hydrogen  gas  evolved  in  each  exciting  cell  of 
the  battery  is  exactly  the  same  as  that  set  free  in  the  decomposing  cell. 
When  the  circuit  is  imperfectly  closed  by  the  interposition  of  a  long  thin 
wire  or  a  liquid  ctjnductor,  the  quantity  of  gas  evolved  in  all  the  cells  is 
diminished,  hut  is  tlie  nmne  in  all ;  tlie  greater  the  number  of  pairs,  the 
less  does  this  diminution  in  the  quantity  of  hydrogen  gas  amount  to, 
(Matteucci.) 

Twenty  pairs  of  zinc  and  copper  give  the  same  deflection  of  20"  as  one 
pair,  when  the  circuit  is  closed  hy  a  wire  of  sufficient  thickness.  But 
when  the  current  is  conducted  from  the  poles  through  a  stratum  of  water, 
the  deflection  with  one  pair  amounts  to  10",  with  5  i>airs  to  15-3%  and 
with  20  pfiireto  ][>\  (Buti:) 

One  pair  of  plates  gives  the  same  <le  flee  lion,  whether  the  metals  are 
separated  by  one  or  five  pieces  of  cloth  saturated  with  liquid ;  hnt  when 
several  pairs  are  united,  tlie  deflection  diminishes  as  the  thickness  of  the 
cloth  is  increased.  The  diminution  is  less  however  in  proportion  as  the 
liquid  conducts  better  [i,  t?.^  exerts  chemical  action],   Marianini, 

Tlie  following  experiments  by  Binks  were  made  with  amnlgamated 
zinc  jilatcs  and  platinum  plates  of  equal  size  in  dilute  sulphuric  acid. 

The  quantity  of  zinc  diif?iolved  in  a  given  time  diminishes  as  the 
number  of  plates  is  increased,  in  the  following  proportion — the  fir«t 
number  denuting  the  number  of  pairs  of  plates,  the  second  the  loss  of 
zinc:  J  :5^7,— 2:3  0;— 4:3-8.— 8:3-8,— 16  :  3*4,-32  : 3  6,-40: 3^8,— 
48  :  2*7. 

A  similar  diminution  takes  place  in  the  quantity  of  hydrogen  gas 
evolved,  when  two  pairs  of  unefjual  surface  are  united:  a  denotes  the 
surface  of  each  of  the  pairs  of  the  plates,  b  tho  quantity  of  hydrogen 
gas  which  each  would  have  developed  hy  itself,  c  tho  quantity  evolved 
after  their  union : 
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It  18  reuiarkablo  tbat  when  tbc  surfa^ca  of  the  tu*o  pairs  of  plates  are 
very  uneqiml,  the  quant itj  of  liydru^eii  evolved  on  the  copper  of  the 
larger  pair  i^  greater  tliaa  tbat  evolved  on  tbe  copper  of  tlie  smaller. 
(Binks.) 

The  electric  current  of  a  battery  ceases  wbeii  the  whole  i«  cooled  to 
—  18°  [in  consetiueiice  of  the  freezing  of  the  liquid  I];  it  increiuies  with 
the  temperature,  but  ceases  ag.iin  at  100  ,  and  recommences  with  violence 
on  subsequent  cooling.  It  is  however  considerably  inereoBcd  by  beating 
only  half  of  the  battery  to  100'  {Dessaignes,  Attn,  Chim.  Fhys'^A,  203J, 
— [this  deserves  verification], — A  battery  which  at  15°  gives  a  currcut,; 
capable,  wheTi  conducted  through  a  watery  liquid,  of  disengaging  22^ 
measures  of  hydrogen  gas  in  a  given  time,  yiehls  3.9  inea^aures  in  the 
same  time,  when  heated  to  52''.  {Despretz,  Gilb,  72,  310.) 

When  the  current  of  a  trough-battery  has  diminished,  it  may  be 
increased  aloioi^t  double  by  stirring  the  acid  liquid  between  the  zlue  and 
,        copper  plateij  with  a  fealher.  (Faraday.) 

Electrical  Ttnsioti  of  the  Battery. 

The  tension  of  the  unclosed  circuit,  as  detemimed  by  the  electrometer, 
•  incroases  directly  as  the  number  of  pairs,  (Volta,  Bohnenberger  (Gi(b. 
57,  346),  Singer,  Marian  in  r.)  It  increases  as  the  square  of  the  number 
of  pairs.  (Delezenites,  J.  Phi^s,  82,  2 til*).  In  the  unclosed  circuit,  it 
increases  as  the  square  of  the  number  of  pairs,  and  in  the  closed  circuit 
directly  as  tlie  number;  for  tlie  statical  eflects  of  a  given  quantity  of 
electricity,  as  shown  in  the  open  circuit  by  the  electrometer,  are  to  the 
dynamical  elTccts  which  the  galvanometer  exliibits  in  the  closed  circuit, 
in  the  ratio  of  llie  square  to  the  simple  number.   (Peltier,) 

The  tension,  as  shown  by  the  electrometer  in  the  unclosed  circnit  is  not 
affected  by  the  size  of  the  plate.?,  but  only  by  their  number.  When  one, 
pole  is  connected  with  tlie  ground,  the  maximum  of  tension  is  the  same, 
whether  the  battery  be  charged  with  river- water,  eolutiim  of  eulpbnret  of 
Boda,  or  water  acidulated  with  nitric  acid;  but  in  the  last  case,  the  maxi- 
Bium  tension  is  instantly  attained,  more  slowly  in  the  second,  and  mofit 
slowly  of  all  in  the  first.  When  the  baltory  is  insulated,  the  tension  is 
altogether  weaker, — strongest  however  when  the  charge  is  made  with 
river-water,  w^eakcst  wdien  water  acidulated  with  nitric  acid  is  used:  in 
the  latter  case,  it  often  vanishes  altogether,  (De  la  Rive.)  In  *he  unclosed 
circuit,  the  nitric  acid  exerts  an  oxidizing  action,  not  only  on  the  zinc,  but 
lihewiae  on  the  copper,  thereby  giving  rise  to  an  opposite  current;  but 
when  the  circut  is  closed,  the  oxidation  of  the  copper  ceases.     (Buff) 

The  middle  pair  of  an  uncloacd  circuit  of  twenty  pairs  of  zinc  and 
copper  does  not  act  more  strongly  on  an  electrometer  furaished  with  a 
condenser,  than  one  single  pair  would.  The  greater  the  number  of  pairs 
included  in  the  circuit  by  touching  one  of  them  with  the  condenser  and 
the  other  with  the  finger,  the  stronger  is  the  divergence  of  the  gold  leaves. 
Likewise,  when  the  circuit  is  closed,  but  in  sucb  a  manner  that  the  current 
\B  obliged  to  pass  through  water — not  decomposing  it  perceptibly — ^a  cer- 
tain degree  of  tension  is  manifest,  increjising  towards  the  ])oles.  Even 
when  dilute  sulphuric  acid  is  Ui^od  instead  of  water,  tension  is  still  appa- 
rent, altboiigh  the  liquid  is  decomposed;  but  not  when  the  circuit  is  com- 
pletely closed  by  a  metallic  conductor.  Whenever,  therefore^  an  obstacle, 
fiuch  as  water,  is  to  be  overcome,  electricity  accumulates  in  the  poles 
till  it  acquires  sufficient  teneioa  to  overcome  the  resietauce,     (Buff.) 
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l£  iUo  union  of  the  electricities  collected  in  tlie  poles  luis  been  effected 
by  connecting  the  poles  by  a  perfect  conductor,  and  the  connection  ia  aHer- 
ward«  broken,  the  two  e1ectricttie«  again  accumulate  in  the  pol^s  with 
their  former  tension.  In  piles  witli  motst  semi-conductors,  this  efieci  takes 
place  almost  inatautaneously;  in  those  with  dry  semiH^onductors^  of^n 
very  slowly.  So  long  as  the  poles  remain  connected  by  a  good  conductor, 
the  positive  and  neirativo  electricities  rapidly  generated  in  the  battery 
continually  recombiiie  within  the  conductor.  The  quantity  of  electricity 
thus  neutr&li^d  in  a  given  time  depends  on  the  circumstanceii  aboTO 
Eoticed. 

The  diderence  between  the  effects  of  the  voltaic  pile  and  ikom  of  IJM 
electrical  machine  consists  in  tho  two  following  points:  1.  By  iiic«a»  of 
the  latter,  a  krgo  quantity  of  electricity  may  ea^sily  be  accumulated  ia  a 
body  of  Buiall  dimensions;  in  consequence  of  which,  the  electricity  acquires 
a  high  tenaioii  or  a  strong  tendency  to  combine  with  electricity  of  the 
opposite  kind,  and  makes  its  way  through  non-conductors,  such  as  the  air, 
in  the  form  of  a  spark.  On  tho  other  Land,  the  tension  of  the  electricity 
develojied  by  the  contact  of  two  metals  is  so  extremely  small,  that,  accord- 
ing to  Ciiildron,  it  requires  no  fewer  than  1250  zinc  and  copper  phitee  to 
give  such  a  tension  to  the  electricity  accumulated  at  the  polee,  a«  will 
enable  it  to  pa^  in  the  form  of  a  spark  between  two  platinum  wires  tei- 
minating  in  points,  placed  at  an  interTal  not  exceeding  -^  inch,  and  C50n- 
nected  with  the  poles  of  the  battery. — (2.)  But  a  small  voltaic  battery 
generates  in  a  given  time  a  much  greater  quantity  of  electricity  tlmn  a 
large  electrical  machine, — provided  the  electricities  are  conducted  awav  as 
fiwt  as  they  are  generated,  Tlie  electrical  machine,  therefore,  is  Wt 
adapted  to  the  production  of  those  effects  w^hich  depend  on  great  electrical 
tension,  such  as  the  penetration  of  air,  glass,  and  other  insulators;  the 
voltaic  battery,  especially  when  large  plates  are  use<l,  ia  most  elltcacious 
in  producing  those  effects  which  depenrl  on  the  combination  of  large  quan< 
tities  of  electricity  in  a  given  time, — e,  r/.,  au  elevated  temperature  in  the 
conductors  in  which  the  combination  takes  place,  and  the  decompcsitiun 
of  chemical  compounds. 

Since  an  increased  number  of  plates  angmente,  not  tho  iinantity,  but 
only  the  intensity  nf  the  current,  it  follows  that  the  number  of  pairs 
united  in  the  battery  ought  to  be  different,  ftccording  to  the  conducting 
power  of  tho  body  through  which  the  current  has  to  paw.  A  greater 
number  of  pairs  than  that  required  for  completely  overcoming  the  resist- 
ance, is  of  no  avail— and  may  even  dimiuieh  the  quantity  of  the  current, 
if  an^  among  them  act  less  powerfully  than  the  rest.  Hence  a  single 
pair  IS  proper  when  the  current  has  to  pass  through  a  thick  wire  only  (a^ 
for  magnetic  action  or  for  fusing),  a  small  number  of  pairs  when  it  ha^  to 
traverse  a  long  thin  wire,  a  larger  number  when  watery  liquids  are  placed 
in  the  circuit,  and  a  still  larger  number  when  the  liquids  are  divided  into 
separate  portions  by  interposed  plates.     (De  la  Rive/) 

The  greater  the  number  of  pairs,  the  sooner  does  the  action  diminish; 
BO  tbat  a  battery  of  a  small  number  of  pairs  is  stronger  after  a  time  than 
one  containing  a  large  number,     (De  la  Rive.) 

Strongly  acting  pairs  must  not  be  united  with  such  as  act  wtakly, 
e,  g.,  xinc  aijd  copper  with  copper  and  platinum;  or  pairs  acted  upon  by 
fresh  acid  with  pairs  subject^?*!  to  the  action  of  acid  which  W  been  uded 
and  is  therefore  saturated;  neither  should  large  pairs  be  united  with  small 
ones.  The  addition  of  pairs  w^hich  act  less  powerfully  [thouirh  it  increases 
tho  tension]  diminishes  the  quantity  of  the  current  considerably.     If  40 
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pairs  with  fregli  acid  proiluce  »  current  capable  of  Hbemting  8*4  cubic 
iiicliei?  f)f  detonating  gas  in  a  minute  hy  tbc  decomposition  of  water,  tbo 
quantity  obtained  in  tbe  same  time  is  reduced  to  I  *1  cubic  iiudie^  wben 
the^e  40  pairs  witb  fre&b  acid  are  connected  with  10  pairs  acted  upon  by 
acid  previously  used.     (Faraday.) 

Mattriah  of  the  Battery. 

Zmcy  eitlier  common  or  amalgamated,  is  almost  always  employed  as 
the  positive  metal  of  tbe  battery.  But  eiucc  common  xmc  h  subject  to 
ordinary  chemical  action,  and  likewise — ^on  account  of  alloys  mixed  with 
it — to  local  galvanic  action;  and  since  these  a^^ions  continue  even 
while  the  circuit  h  open — a  great  deal  (»f  zinc  and  acid  arc  naele!*sly  con- 
sumed. By  the  use  of  amalgamated  zinc,  firbt  introduced  by  Sturgeon, 
this  loss  is  avoided.  With  this  kind  of  zinc,  however,  the  current  is 
BKK>n  reduced  to  ^  or  ^^  of  its  original  strength,  because  no  gas  Is  cvolvecl 
on  the  zinc,  and  consetpiently  the  acid  does  not  get  well  mixed;  but  on 
breaking  contact  for  a  while,  the  current  regains  its  former  power. — 
Boiled  zinc  plates  arc  preferable  to  thoee  of  ca^t  zinc,  which  are  less  pure. 
Kew  platew  act  better  than  such  as  have  been  used  two  or  three  limes, 
perhnps  because  the  alloys  come  out  more  prominently  as  the  surface  dis- 
solves, and  thus  give  rise  to  local  galvanic  action.  Thia  deterioration  of 
zmc  plates  by  use  soon  reaches  its  limit  in  the  case  of  rolled  zinc;  bnt 
with  cast  plates  it  goes  on  continually.  The  more  smoothly  the  plates  are 
rubWdj  the  hetter  do  they  work.     (Faraday.) 

For  the  negative  meta! — copper,  iron,  lead,  silver^  platinized  silverj 
platinum,  graphite,  charcoal,  or  peroxide  of  lead  may  be  used. 

In  a  battery  of  iron,  platinum,  and  dilute  sulphuric  acid,  only  a  small 
quantity  of  hydrogen  gaa  is  evolved  upon  the  platinum;  but  if  the  iron 
plates  used  in  this  battery  are  united  with  zinc  p kite 8,  nearly  twice  as 
much  hydrogen  is  evolved  upon  the  iron,  as  would  he  given  off,  if  the  eame 
zinc  plates  were  connected  with  platimmi.  Fresh  iron  plates^  on  the  con- 
trary, do  not  act  more  strongly  than  platinum,     (Daniel  I } 

When  the  surface  of  the  negative  metal  is  twice  aa  great  as  that  of 
the  positive,  and  a  plate  of  the  latter  h  interposed  between  two  jplatcs  of 
tbe  former^  the  ipiantity  of  tbe  current  is  greatly  iucrea^sed  (p.  380). 
(HarCj  Faraday.)  The  quantity  is  also  greater,  the  thinner  the  stratum  of 
liquid  between  tho  zinc  and  the  negntive  metal  (p.  377).     (Faraday.) 

A  pcculiariy  strong  action  is  produced  by  silver  or  plated  copper,  on 
which  platinum  is  preeipitutcd.  A  rough  surface  is  first  imparted  to  tho 
silver  by  treating  it  for  a  short  time  with  strong  nitric  acid;  it  is  then 
immersed  in  dilute  sulphuric  acid,  to  which  a  little  chloride  of  platinum 
baa  been  added,  and  connected  with  zinc  immersed  in  dilute  sulphuric 
acid  contained  in  a  [loromi  tube,  this  tube  dipping  into  the  first-mentioned 
liquid.  The  platinum  is  precipitated  on  the  silver  in  the  form  of  a  black 
powder.     (Smce.) 

Of  carbonaceous  substances,  the  most  serviceable  are  plumbago  and 
hard  gas-coke;  then  porous  coke  and  box-wood  charcoal.  These,  how- 
ever, mtm  lose  their  power,  in  consequence  of  beconung  filled  with  hydro- 
gen: but  if  the  hydrogen  be  removed  by  immcrt^ing  them  in  a  solution  of 
sulphate  of  copper,  which  likewise  produces  a  precipitation  of  copper 
upon  and  within  them,  a  powerful  battei-y  may  be  made  with  them. 
(Sraee.) 

A  mixtiire  of  coal  and  coke,  strongly  ignited,  forms  a  carbonaceous 
mass,  which  acts  nearly  aa  well  as  platinum,  and  is  well  adapted  for  use 
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on  accotmt  of  jU  tenacity,     (Buusen,  Ann.  Phann,  SB,  21 U)     {Co7np. 
p,  3U2.) 

For  liquids,  tlic  following  may  be  used:  spring- water,  aqueons  solu- 
tions uf  eomraon  salt,  Fal-amnioaiac,  nitre,  alani,  sulpliate  of  copper, 
biBulpiiate  i*f  potti^li^  and  other  salts,  aqueoas  ammonia  or  potash,  and 
dilute  .sulpburic,  hydroddonc,  or  uitric  acid,  or  a  mixture  of  dilute  sul- 
pbiiri€  and  nitric  acids. 

Water  gives  a  coatinuous  current  of  small  quantity  and  attacks  the 
ziuc  but  very  little.  With  saline  eolutions,  tho  current  is  at  first  abund- 
ant»  but  soon  diminisbes  {p.  377).  Sulpbate  of  copper  ia  tbe  only  salt 
tbat  gives  a  more  permanent  current;  it  also  acts  without  evolution  of  ga*, 

A  mixture  of  wafer,  sulpburic  acid,  and  nitric  acid  {e,  f/.^  100  iiica- 
earea  of  water  to  4  5  oil  of  vitriol  and  4  nitric  acid)  po#<sesse3  tbis  advan- 
tage,— that  it  not  ouly  excites  an  inten.se  and  abundant  current,  but  that 
neither  bydro;>en  nor  nitric  oxide  ga^  is  evolved  from  it,  because  tbe 
hydrogen  evolved  from  tbe  water  combines  w^th  tbe  nitrogen  act  free  from 
the  nitric  acid,  and  ftjrnis  ammonia.  (For  Fyfe's  experiments  on  tbe 
power  of  different  circuits^  vtd,  Poi^g.  43,  228,) 

When  dilate  sulphuric  aud  nitric  acid  arc  used  together,  instead  of 
dilute  sulphuric  acid  alone,  in  a  battery  of  ten  pairs  of  amalgamated  zinc 
and  platinutii,  flic  ipiantity  of  tlio  current  (measured  by  the  Voltameter) 
is  nearly  trebled,  and  tbe  quantity  of  hydrogen  gas  evolved  in  the  differ- 
ent cells  is  ^mall  and  uucqual;  but  in  five  minutes  tbe  current  ceases 
almost  entirely,  and  h  but  imperfectly  restored  by  opening  the  circuit. 
When  more  nitric  acid  is  added,  tbe  evolution  of  hydrogen  eea^^os  entirely 
in  some  cells,  and  almost  wholly  in  others:  the  current  is  etrengtbcneu, 
bat  cllminiBhos  rapidly.  If  when  the  circuit  has  been  closed  for  thirty 
hours,  and  the  current  baa  almost  wholly  ceased,  tbe  platinum  plates  l>e 
removed  aud  rcphice<l  by  new  ones,  the  battery  will  again  act  as  strongly 
UB  at  first,  but  ouly  for  a  short  time.  The  platinum  plates,  which  have 
become  inactive,  are  not  comjdetely  restoretl  by  ignition,  polit^hing*  or 
boiling  w^ith  strong  solution  of  potash;  but  they  recover  their  activity 
entirely  by  boiling  in  nitric  acid.  For  they  are  covered  with  xinc  partly 
crystalline,  partly  of  a  warty  texture, — ^the  coating  even  extending, 
though  in  smaller  qnantiLVt  to  the  side  which  is  turned  away  frouj  the 
zinc.  The  rapidity  with  which  tins  coating  is  formed,  increases  w^itb  the 
quantity  of  zinc  dissolved  in  the  liquid;  it  is  therefore  greatest  M'hen  un- 
amalgamated  zinc  is  used. — Every  tiuie  the  circuit  is  broken,  the  zinc 
deposited  upon  the  platiuum  dis-olvcs  again,  provided  a  sufficient  quan- 
tity of  free  acid  be  present.  When  the  acid  liquid  hoMs  a  quantity  of 
copper  in  solution,  tbat  metal  is  first  deposited  on  the  jdatinum,  and 
afterwanls  the  zinc,  l>ut  with  less  facility.  But  when  a  larger  quan- 
tity of  copper  is  contained  in  the  liquid,  tbe  copper  is  precipitated  on  tbe 
amalgamated  zinc,  and  cjiitJ^es  an  evolution  of  hydrogen  upon  it.  Tbe 
addition  uf  nitric  acid  to  the  dilute  sulphuric  acid  assists  the  action  by 
diminishing  the  evolution  of  hydrogen  gas  on  the  platinunij  iua^'much  oa 
it  gives  riine  to  the  production  of  amnion ra  [by  which  however  the  acid  la 
eo  much  the  more  quickly  saturated],     (DanielL) 

Remarkably  puwerfnl  currenty  are  produced  by  the  proper  combiuation 
of  two  metals  with  two  liquids  (p.  389), 

With  plates  of  given  surface,  the  <juantity  of  the  current  varies  accord- 
ing to  their  nature  and  that  of  the  liquid,  as  follows:  Amalgamated  zinc, 
dilute  sulplniric  acid,  copper  :  O'U); — amalgamated  zinc,  dilute  sulphuric 
acid,    platinized   silver   (according  to  Smoc)  :  0'29j— araafgamated  ziuc. 
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dilute  eulpliuric  acidj  iron  {jtccording  to  Sturgeon)  :  0%30  or  lejjs; — xinc 
dilute  siilpiiiiric  acid,  sulpliato  of  copper,  copper  (according  to  Daniell) 
:  0'(T5;'-=aiiialgamated  zinc,  dilute  sulphuric  acid,  concentrated  nitric  acid, 
platinum  {according  to  GroTe):  1*09.  (Joule.) 


L  Batter i€B  with  hm  Metals  and  two  Liquids. 

DanMt^  Constant  Bdtten^,  {^^PP*  ^^•}  ^^  ox-gullct  olose*l  at  the 
bottom  (or  connected  with  a  bent  tube  for  carrying  ofi'  the  spent  acid) 
contains  dilute  sulphuric  acid  and  a  rod  of  amalgamated  zinc,  and  ih  fixed 
npright  in  a  cylindrical  copper  ves.'sel  filled  with  a  solution  of  sulphate  of 
copper.  Tlio  acid  is  either  constantly  renewed  by  causing  it  to  flow  into 
and  through  the  bent  tube,  or  occasionally  by  pouring  it  in  when  wanted. 
The  solution  of  sulphate  of  copper  is  niitintiiincd  at  a  constant  strength  liy 
means  of  portions  of  the  pulverized  salt  placed  in  sieve-*  at  the  upper  part 
of  the  lit][uid-  From  10  to  20  simple  circuits  of  this  kind  are  united  (tho 
copper  vessel  of  the  first  with  the  zinc  cylinder  of  the  second,  the  copper 
vessel  of  the  secoad  with  the  zinc  cyliuder  of  tbo  third,  and  60  on,  the 
connection  being  ma^lc  by  uieta.llic  conductors). — This  battery  evolves  no 
hydrogen  gas,  even  when  the  ends  are  unconnected :  the  copper  of  the 
solution  is  gradually  deposited,  when  the  circuit  is  closed,  on  the  inner 
surfaces  of  the  copper  cylinders.  When  the  current  is  made  to  pass 
through  acidulated  water,  the  tjuantity  of  detonating  ^na  evolved  is 
greater  in  the  first  quarter  of  an  hour  than  in  any  subsequent  equal 
interval;  but  from  that  time  the  current  remains  perfectly  unifomi,-^so 
that  when  tlio  circuit  lias  been  closeil  for  four  hours,  the  quantity  of 
detcinating  ga^  evolved  in  a  given  time  on  passing  the  current  through 
acidulated  water,  is  tho  same  as  before.  The  amount  of  pure  chemical 
action  in  this  battery  is  very  small.  For  184J48  euk  in.  of  detonating 
gaa  evolved  in  the  decomposition  of  water  by  a  ten- pair  battery,  93*3 
grains  of  zinc  are  dissolved  in  the  same  time  from  each  2inc  plate  (there- 
fore 933  gr.  for  the  whole  ten  plates);  that  is  to  say,  only  7'2  gr.  more 
tlian  the  quantity  required  by  the  stoichionietrical  proportion  of  water 
decomposed  to  zinc  dissolved  (9  :  32 ■2). — Whilst  the  ten-pair  battery, 
when  the  zinc  is  immersed  in  a  mixture  of  100  measures  of  water  and  4|- 
measures  of  oil  of  vitriol,  liberates  3  8  cub.  in.  of  detonating  gas  in  5 
minutes, — it  gives  2*1  cub,  in.  when  nitric  acid  is  added  to  the  sulphate  of 
copper  solution f  and  4*2  cub.  in.  on  the  addition  of  nitric  acid  to  tho 
eulpliuric:  the  latter  quantity  however  soon  sinks  again  to  33  cub.  in. 
Heuce  the  atldition  of  nitric  acid  is  useless.  With  a  mixture  of  100 
inea.*?nre8  of  water  and  9  ineasur«?s  of  oil  **f  vitriol,  the  quantity  of  gas 
obtained  in  5  minutes  is  . >  5  cub.  in*;  and  with  100  water  and  12*5  oil  of 
vitriol,  it  amounta  to  11'  cub.  in. — When  the  circuit  is  kept  closed  for 
five  hours  without  renewal  of  the  acid,  the  quantity  of  detonatinpj  gas 
evolved  in  5  minutes  sinks  from  2 "7  to  2 '4  cub.  in.^  and  after  24  hours  to 
0*3  cub.  in,;  the  acid  is  then  fouufl  to  be  completely  saturated  with 
oxide  of  zinc.  If  half  the  liquid  be  now  replaced  by  fre&h  dilute  sulphuric 
acid,  the  quantity  of  detonating  gas  evolved  in  5  minutts  rises,  not  merely 
to  the  original  ipiantity of  2'7,  but  to  -i'l  cub.  in.;  and  the  battery  retains 
this  strength  for  4  hours,  because  the  solution  of  sulphate  of  zinc  mixed 
with  the  liquid  increa^^es  its  conilucting  power.  The  action  remains  the  samo 
when  the  zinc  cylinders  are  reduced  to  one-fourth  of  tlieir  former  length. 
The  current  is  not  increased  when  the  copper  surface  is  extended  by  the 
introduction  of  a  number  of  slips   of  copper. — A  twenty-pair  battery 
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makes  a  platinum  wire  8  incb^is  long  and  ^^  of  an  incli  tLiok,  incandes<*em 
in  the  air.— If  a  zinc  cjlinder  in  one  of  the  cells  be  replaced  bj  a  thick 
plattuum  wire,  pure  oxygen  gas  is  evolved  upon  it,  84  cubic  inchea  in 

an  hour.  (Daniell.) 

Jficobi  {EUdrotype,  Pekr^hurgk,  1 840)  places  a  plate  of  lead  or  of 
thick  copper  rolled  up  into  a  cylinder  ^not  soldered,  in  order  that  the 
precipitated  copper  may  l>c  removed  uy  unbending  it)  in  an  oblong 
rectang'ular  ve&scl  of  c^pj>er  or  load.  This  cylinder  touches  three  aide^  of 
the  vesao!.  The  space  between  it  and  the  fourth  side  serves  to  receiTe  a 
Bieve-btjttomod  trough  placed  in  it^  upper  part  and  filled  with  pounded 
sulphate  of  copper,  in  order  that  tho  solution  which  drainsi  through  the 
bottom  of  the  trough  may  supply  the  loss  of  that  salt  resulting  from  the 
galvanic  action.  Within  the  lead  or  copper  cylinder  is  placed  another 
cylinder  made  of  the  thinnest  possihlo  earthenware,  filled  with  dilute 
sulphuric  acid,  and  contaiuing  a  «iuc  cylinder  either  solid  or  hollow. 
Tho  liquid  is  withdrawn  by  means  of  aiphons  of  peculiar  construction ;  at 
all  event**,  the  acid  liquid  muf^t  l)e  removed  from  time  to  time  a«  it  becomea 
_jmtnrated  with  zinc.  The  earthenware  cylinders  are  soaked  in  water 
Krery  six  or  fourteen  days?,  in  order  to  re-open  their  pores. 

Instead  of  animal  membranes,  on  which  copper  becomea  precipitated, 
Mullios  uses  a  hollow  cyiinder  of  sycamore  or  other  white  wood  eloued 
at  tho  bottom ;  he  also  usee  a  solution  of  equal  parts  of  wat^r  and  satu* 
rated  solution  of  Bal-ammoniac  in  plate  of  dilute  sulphuric  acid.  (For  tho 
other  alterations,  vtd.  Phil,  Ma^f.  J\  1 5,  37*) 

Spencer  {Pof^ff.  51,  372)  substitutes  for  the  ox-gnllet  in  Daniell's 
battery  a  cylinder  of  thick  brown  packing  paper,  modelled  upon  a  wooden 
cylinder,  fastened  with  sealing  wax  throughout  its  whole  length  by  means 
of  a  hot  iron,  and  closed  at  bottom  with  a  thin  round  plate  of  wood  which 
has  a  circular  groove  cut  in  it,  so  that  it  may  Ih?  tied  with  a  string  to  the 
paper  cylinder.  Solution  of  Glaubers  salt  or  enlphato  of  sine  ia  naed 
instead  of  dilute  sulphuric  acid. 

Or : — a  glass  cylinder  outside;  within  this,  a  cylinder  of  thin  4ieet  lead 
or  the  lead  of  which  the  Chinese  tea-caui^ters  are  made,  with  numerous 
vertical  folds,  so  that  it  has  a  starry  appearance  and  presents  a  large 
surface.  Within  this  again  is  place<l  a  cylindrical  vessel  of  unglaxed 
earthenware;  and  this  contains  a  cylinder  of  xinc  surrounded  with  sulphate 
of  luoda  or  sulphate  of  zinc.  The  lead  immersed  in  the  solution  of  sulphaio 
of  copper  soon  becomes  covered  with  copjier,  and  acts  like  that  metal* 

Grove  8  Battery,  (App,  2*>.)  A  porcelain  trough  is  divided  by  parti* 
tions  gf  also  of  porcclaiD^  into  four  cells,  a,  6,  c,  (I.  Each  cell  contains  a 
box  t  of  porous  earthenware.  Between  the  surfaces  of  the  cell  and  the 
box  is  placed  a  platinum  phite  pt,  passing  downwards  on  one  side  of  the 
cell  and  upwards  on  tho  tither, — and  in  the  earthenware  box,  an  amalga- 
mated xinc  plate  r^  connected  with  the  platinum  plate  of  t!ie  second  cell  by 
thick  wires  screwed  on  to  the  zinc  and  the  phitinum*  &c.  The  box  i  is  fiU^ 
with  water  containing  one-fifth  of  itw  bulk  of  oil  of  vitriol,  or  one-half  itt 
bulk  of  hydrochloric  acid;  and  tlio  ^pace  containing  the  plrttinura  is  filled 
with  a  nti.xture  of  cfjual  parts  of  oil  of  vitriol  and  strong  nitric  acid.  The 
appanitus  is  fitted  with  a  cover  containing  lime,  in  order  to  absorb  tht 
nitrous  vapours  which  are  evolved, — The  apparatus  contains  eight  ouncc« 
of  liquid.  It  must  not  be  left  in  action  more  than  half  an  hour,  beenuso 
it  becomes  too  hot.   (Grove.      Vid.  p.  301.) 

An  instrument  of  this  kind  furnished  with  only  single  platinum  plates 
— €ach  of  the  four  zinc  and  platinum  plates  having  a  surface  of  14  sqn&rft 
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inches,  libcmtes  G  cubic  indies  of  Jetonatintf  jra^  perrainntCj  wlien  tlie  con* 
iiccting  wires  are  made  to  dip  iato  water  aciduiuted  witLsiiIpbnric  acid,— » 
brings  a  platinum  of  7  incbes  long  and  ^\  of  au  inch  tliick  to  a  state  of 
brigbt  ignition — and  causes  steel  needleB  to  burn  witb  brilliancy.  (Grove.) 

A  five-pair  battery  of  tbis  dci?cnption  Laving  in  eacli  eartlieiiware  cell  a 
platinum  plate,  B  incbes  lonj;  and  2  incbes  wide,  immersed  in  nitric  acid 
of  1*35  sp.  gr»,--and  in  eacb  porcelain  cell  a  zinc  plate  of  donblo  the  sise 
bent  round  at  the  bottom  and  immersed  in  bydrocblorie  acid — yields  15 
cubic  inche.'i  of  detonating^  ga^  per  minute,  fuses  platinum  wire  of  the 
thickness  of  a  knitting  needle  in  a  few  seconds,  canees  charcoal  to  emit  a 
light  of  intolerable  brilliancy,  and  will  produce  a  ma,gQet  capable  of 
bearing  3^  cwt.  It^  physiological  eflceta  however  are  but  slight  [on 
account  of  tUo  feeble  tension  of  five  paii-s].  The  current  h  likewi&e  of 
constant  strength,     (Scbonbein,  Po(^ff.  49,  511.) 

Porcelain  c^^Iindcra,  closed  at  bottom  and  covered  Ott  tho  outside  with 
a  layer  of  platinum  burnt  in,  may  be  placed  in  cylinders  of  porou« 
©artnenware  filled  with  nitric  acid,  and  these  again  in  veissela  contiiining 
cylindrically  bent  zinc  plates  with  dilute  sulphuric  acid,  or  etill  better, 
snlpbate  of  zinc,  (Pfaff,  Fotjfjf,  53,  303.) 

Instead  of  platinum,  an  iron  rod  may  also  be  immersed  in  etrong 
nitric  acid  contained  in  a  tube  of  gypsum,  and  the  tube  placed  in  a  vessel 
containing  dilute  snlphuric  acid,  in  which  is  immersed  a  zinc  plato  bent 
into  the  fonii  of  a  cylinder.  After  this  battery  hsia  acted  for  some  time, 
the  acid  becomes  so  much  weakened  that  it  dissolves  the  iron  euddenly. 
(Hawkin.^,  Phil,  Ma</.  J,  16,  115. — Poggendorff's  Arrangement,  /*o^<^. 
54,  425.) 

When  the  following  carbonaceous  subfltances  are  used  instead  of 
platinum  in  Grovels  battery,  the  »]uantity  of  detonating  gas  evolved  in  a, 
given  time  is  found  to  dimiuii*h  as  follows: — Platiuara  :  3*52; — graphite: 
3*4; — ^gas-coke,  such  as  is  deposited  in  the  form  of  a  hard  crnst  in  the 
retorts  in  which  illuminating  gas  is  genemtedi  3  27; — well  burnt  char- 
coal: 317*  Tho  action  of  all  these  substances  is  therefore  nearly  the 
same  us  that  of  plat  in  wm.  (Cooper,  FML  Ma^j,  X  16,  35.) — Schonb^iE 
{Pogg,  40,  589)  found  the  «ame  result  with  gad-coke. — Charcoal  having  a 
Burface  of  8  square  inclies  liberates  as  much  gas  a«  platinum  7  «cj^uare 
inches  in  surface,   (Smeo.) 

Bunsen  {Ann,  Pharm.  38,  311;  Pogg-  54,  417)  forms  cells  of  car- 
bonaceous substance  prepared  in  tho  manner  already  describe  (p.  392), 
fills  these  cells  with  a  mixture  of  sand  and  nitric  acid,  which  is  renewed 
from  time  to  time  a<*  it  is  used  uj), — and  places  them  in  dilute  sulphuric 
a^'id,  also  containing  the  zinc  plates.  A  battery  of  three  such  pair^  with 
zinc  plates  3  inches  wide  and  4  inches  long,  liberates  from  38  to  45  cubic 
centimetres  of  detonating  gas  per  niiuiite, — while,  for  ovory  atom  of 
water  decom posed ,  not  much  more  than  one  atom  of  xinc  is  masolveil  in 
each  cell.  Platinum  wires  of  sonic  thickness  are  made  rcd-hot>  and 
charcoal  brought  to  r  state  of  dazzling  incan4lescence,  (  Vid,  Poggendorff, 
Pogg,  54,  i\d.) 

Wohler  &  Weber  {Ann.  Pharm.  38,  307)  form  two  cylinders,  open 
above  and  below,  out  of  a  piece  of  polished  iron  plato:  one  of  the  cylin- 
ders is  made  wider  than  the  other,  and  the  two  are  connected  by  a  bent 
piece  of  metal-  The  wider  cylinder  is  placed  in  a  glass  vessel  containing 
dilute  sulphuric  at'id,--in  this  is  iinmei-sed  an  earthenware  cylinder  filled 
with  strong  nitric  acid,— and  in  this,  the  narrower  cylinder  of  the  following 
pair.     The  iron  in  the  Bulpharic  acid  acts  liko  ainc,  that  io  the  nitric  aciq 
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Hit©  'platinum.  When  the  «urfaee  of  the  wider  cylinder  is  only  three 
square  inches,  two  pairs  of  this  arrancenient  arc  sufficient  to  raise  thin 
platinum  wire  to  a  white  heat.  Tinned  plate  appears  to  be  preferable  for 
ininiereion  in  the  nitric  acid  ;  it  is  perhaps  mast  advantageous  to  have  the 
whole  made  of  ca*it  iron.  (VVohler.) 

Three  pairs  of  iron  cylinders  having  a  total  surface  of  12  €qti«j« 
inches,  three  iron  cylinders  in  nitric  acid  of  1*44  pp.  gr.  and  the  three 
others  in  a  mixture  of  7  pnrU  water  and  3  parts  oil  of  vitriol,  j^ield  J 
of  a  cubic   inch  of  detomiting  gas  per  minute. — Five  pairs  of  tin-plate 

iin^t^ail  of  zinc)  and  iron-plate  (instead  of  platinum)  having  a  total  fnr- 
ace  of  83  square  inches,  yield  TS  cubic  inches  of  detonating  gas  per 
minute,  whereas  an  apparatus  of  zinc  and  platinum  of  the  same  sixeyields 
9  cubic  inches.     {Wsilclmer,  Ann,  thann,  40,  12 L) 

Aqueous  solution  of  scsfjuichloride  of  iron  in  Grove's  apparatus  pro- 
duces an  action  less  by  one  /ourtb  than  that  of  nitric  acid.  (Smee.) 

Grovels  battery  is  stronger  than  any  other  of  equal  surface:  lis  dis- 
advantages are, — the  great  expense,^ — the  incnuvcnience  caused  by  nitrous 
fumes  and  the  use  of  eorrosiye  nitric  acid, — and  the  raixing  of  the  liquids 
by  endosmose, 

2.  Butteries  with  ttto  Jifetah  and  one  Liquid* 

A.  T/t€  negative  mrtal  having  tnice  as  much  mrface  as  the  pcmlive  nui^* 

Faraday^  adopting  Harems  method,  makes  two  rectangular  bends  in 
the  miildle  of  a  copper  plate  kk  (A pp.  31),  so  that  the  sides  run  parallel 
to  one  another ;  be  then  solders  the  tipper  end  of  one-half  of  the  plate  to 
a  zinc  plate  r  by  means  of  a  bent  piece  of  metal  6, — and  connects  several 
such  pairs  in  such  a  manner^  that  the  zinc  plate  of  the  first  i^hM  he  inserted 
between  the  two  copper  plates  of  the  second,  and  ke]>t  from  touching  the 
copper  by  the  introduction  of  huiali  pieces  of  cork,  ^  of  au  inch  thick, — the 
zinc  plate  of  the  second  between  the  two  copper  plates  of  the  third,  and  so  on. 
The  copper  plate.n  of  one  pair  are  kept  from  contact  with  those  of  the  next 
by  the  in,sertion  of  thick  paper.  But  as  the  piij^er  becomes  saturated  wilh 
nitric  acid,  and  tliis  acid  dissolves  copper,  which  is  subsequently  preci- 
pitated on  the  zinc,  it  is  better  to  separate  the  copper  plates  by  strips  of 
glass.  The  plates  thus  arranged  arc  placed  in  the  division  a  of  the  double 
trough  represented  in  App,  52,  Forty  pairs  require  a  trough  15  inches 
long,  and  lOQ  pairs  a  trough  3  feet  hjng.  The  double  trough  is  move- 
able round  the  axis  x,  A  quarter  revolution  brings  the  trough  b  below 
and  the  trough  a  on  the  side,  »?o  tliat  the  acid  liquid  runs  from  a  inUi  6. 
Hence  it  is  only  necesfi*Mry  to  turn  the  apparatus  a  quarter  rounds  in  order 
to  bring  the  ncid  in  contact  with  the  plates  or  to  discliarge  it;  thus,  all 
unnecessary  action  of  tlie  acid  on  the  zinc  is  avoided.  The  intenrals 
between  tlie  copper  and  zinc  in  this  apparatus  being  much  smaller  than  in 
the  common  trough  battery,  and  the  quantity  of  acid  liquid  eni[doycd 
being  consequently  much  less,  the  liquid  l>oconios  more  quickly  saturated^ 
aud  must  be  more  frequently  renewed.  An  apparatus  of  this  descriptioDi 
containing  forty  pairs  with  a  surfnce  of  three  square  inches,  acts  as  strongly 
aa  an  ordinary  trou^di  apfuimtus  (with  single  copper  suiHFaco)  containing 
orty  pairs,  having  a  surface  of  four  square  inches.  (Faraday.) 

Stutyconn  Baiiertf  consists  of  eight  cnst-iron  cylindrical  ve^sels^  10 
inches  high  and  3  inches  in  diameter  r  in  each  of  them  i^  placed  an  amab 
gamated  zinc  cylinder,  connected  with  the  next  iron  vessel  by  means  of  a 
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thick  copper  wire,  to  which  it  is  f-olderctl,  aid  fixed  into  a  wooden  ring 
whit'h  prevents  contact  between  the  jiinc  and  iron.  The  vessels  contain  a 
mixture  of  8  parts  water  and  1  part  oil  of  vitriol  (a  mixture  which  acts 
by  itself  ou  amalgjirnated  zinc),  Tlie  hatlery  makes  thick  platinym  wire 
red  hotj  yields  from  4  to  5  cubic  inclie.^  of  detonating  gas  per  fiiinuto,  and, 
thongh  not  exactly  coDstant,  contuiues  in  action  for  a  Icmi;  time.  ( Mtilir, 
Foij^.  5\,  372.) — According  to  Sturgeon,  the  followiug  hatteric^,  each 
having  ten  pairs  of  plates^  with  a  surf;iec  (^f  lti4  square  inches,  yield  the 
following  quantities  of  hydrogen  gas  per  minute  hy  the  dc  com  position  of 
water:  fc>turgeon*.s  2o ;  GroveX  24;  Smcc's,  la;  Dunicirs,  12  cubic 
inches. 

Vhdihfns  Bittitnj  consists  of  forty  copper  and  twenty  zinc  platei^ 
each  G  feet  long  and  2  feet  8  inches  wide,  each  zinc  plate  Wing  place*! 
between  two  copper  plates  {PhiL  Tr,  ISOD,  p.  32,  JSchttK  1,  374;  a,  212; 
Ki,  359  ;  also  Gilk  3G,  334;  52,  353.) 

WoHastons  Ceil  Apparatus,  Zinc  'plates  are  imniergetl  in  long  and 
deop,  hut  narrow,  copper  cells,  filled  with  an  acid  liquid.  The  lir.st  cell  is 
connected  by  a  semicircular  strip  of  njctal  witli  the  zinc  i>late  which  dips 
into  the  ficcond  cell,  and  so  on.  (Cow  pa  re  Hart,  Etl.  J.  of  fSt\  4,  19.) — 
The  appaiuius  of  the  Florentine  Museum  consists  of  six  zinc  plates,  each 
85  inches  square,  inHner.sed  in  six  copper  cells.  (^V.  Tf\  6,  I,  219.) — If 
the  cells  are  ma*le  of  platinized  silver  or  platiniK*nl  plated  copper  (p.  419), 
and  contain  a  mixture  af  1  measure  of  oil  of  vitricd  with  8  measures  oJF 
water  in  which  zinc  plates  are  immersed,  the  battery  acts  very  strongly, 
and  will  continue  lu  action  for  forty-eight  hours  without  requiring  fresli 
acid.  (Sm©e,) 

De  la  Rue  (FkiL  .^fa^j.  J.  0,  484;  10,  244)  fills  the  copper  cells  with 
solution  of  sulphate  of  copper,  and  places  an  amalgamated  linc  plate  in 
each  (an  unamalganiated  zinc  plate  would  become  covered  with  copper)^ 
The  nction  isj  istronger  than  with  acids^  and  no  gas  is  evolved. 

Youjiffs  Batter*/  (P/tiL  Man,  ^*  tO,  241 ;  x\\m  Poi/^.  40,  G25),  in  which 
two  connected  sine  plates  are  interposed  between  two  cotinecled  coppor 
plates,  in  •sUch  a  manner  that  <jno  of  the  zinc  plates  is  placed  between  the 
two  copper  plates,  and  one  of  the  copper  pbitos  between  the  two  zino 
plates,  docs  not  pos.sces  any  particular  advantage. 


B.  The  mrface  of  (lie  negcUlve  metal  tiol  greater  titan  thai  of  the  positive 

metal, 

Simple  Trough  or  Cell- Apparatus.  Oblong  troughs  of  earthenware 
are  divided  into  cells  by  earthenware  partitions.  Each  cell  contains  a 
pair  of  plates  of  the  two  metala  not  in  contact  with  each  other;  the  p<Ksi- 
tivo  plate  of  the  tiri^t  cell  is  connected  by  a  curved  strip  of  metal  with  the 
negative  plate  of  the  .second  cell,  *fcc,,  ^*^'c.  All  the  cells  contxiin  the  same 
liquid, — The  number  of  pairs  u^ed  in  this  kind  of  battery  is,  for  the  most 
part,  greater  thau  in  tho.^*  previously  described  ;  hence  the  tension  is 
greater;  bnt  the  tpiantity,  unless  very  large  plates  are  used,  is  smallen 

The  battery  of  the  Hoyal  Institution  t>f  London  consists  of  20U0  pairs 
of  plates,  each  plate  having  a  surface  of  32  square  inches  on  one  ^ide. 
At  the  k cole  Pol  If  technique,  in  Paris,  there  is  a  trough  battery  of  tiOO 
pairs  of  jdates,  each  plate  having  a  surface  of  1 1  square  inches*  (Gay- 
Lussac  k  Tlienard,  Hec/urcJies^  1»  L) 

In  the  Cup-apparaiia  (Couronn^  des  tassfg)  a  number  of  copper  wires 
bent  knee-shape,  and  each  having  a  ball  of  zinc  fused  on  to  one  of  its  ex- 
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litim,  we  immened  id  a  «enes  of  gkflae«  contatoiog  dilute  acid,  iit 
I  ft  mftoner,  thai  the  »dc  end  of  each  wire  dips  into  one  glass  and  the 

[t^opper  end  into  the  next.     The  action  x«  bat  elighl,  on  account  of  the 

'  iundl  Burhce  of  the  metaLi. 

If  twenty-four  bent  iron  wires  be  covered  at  one  end  with  peroxide 
of  leafl  (by  precip'ttation  in  the  voltaic  circle),  and  tbcir  ends  made  to  dip 
into  twenty-foor  glasses  containing  1  part  of  nitric  acid  lo  100  parta  of  . 
water,  each  glass  containiog  the  clean  end  of  one  wire  and  the  coated  end  i 
of  another^  a  battery  is  obtained  which  gives  slight  shocks,  but  loece  iti  I 
power  aa  the  peroxide  of  lead  dissolves.  (Sch(5nbein.}^An  apf»aratiia  of  j 

f  twelve  platinum  and  twelve  passive  iron  wires,  immersed  in  nitric  acid  ( 

}  »p.  gr.  1*35,  produces  a  very  feeble  cnrrent,  which  scarcely  decomposet ' 
iodide  of  potassium,  and  has  no  effect  on  sulphate  of  copper  or  acidulated 
water.  (Schonbein.) 

In  the  Voltmc  Pile,  properly  so  calle<i,  the  pairs  of  plates  are  disposed 
in  alternate  horizontal  layers,  with  ijastcboard,  woollen  cloth,  or  felt, 

Ltatlirated  with  a  saline  solution  of  dilute  acid,  &c.  It  acta  like  the 
troQgh-battery,  but  evolves  less  electricity  in  a  given  tirae,  because  the 
contact  of  the  liquid  with  the  metals  is  less  complete. 

Instead  of  plates  of  copper,  Straub  (Sd^timt,  naturw.  AnteigeTf  Jahr^, 
4,  S.  7,)  recommends  layers  of  carbonaeeous  matter.  To  prepare  these,  7 
part8  of  beech-wood  charcoal,  in  fine  powder^j  are  mixed  with  4^  parte  of 
wheat  flour,  ami  a  proper  quantity  of  water,  into  a  jiaste;  the  poate  it 
then  moulded  by  pressure  into  flat  circular  pieces;  and  these,  after  being 
dried  in  Band  in  the  open  air,  are  exposed  for  three  or  four  days  to  a  coo-J 
tinually  increasing  heat,  till  they  Miiell  like  burnt  bread.  They  are  then 
ground  quite  smooth  upon  sandstone,  ignited  between  charcoal  powder, 
and  ground  again.  Before  using  them,  they  are  soaked  in  water;  after 
niie,  they  are  gteeped  iu  dilute  hydrochloric  acid  to  free  them  from  xinc, 
and  then  washed. 

De  Litest  or  Zamhonis  File.     The  so-called  Dry  Pile  is  usually  formed 
of  til  in  ftheets  of  metal  8cparat<?d  by  pajier, — t.  g.,  of  discs  of  so-called  gold  < 
and  j-ilver  paper,  joined  tngethf/r   by  their  paper  surfaces — or  of  silver 
pap  or  having  its  paper  side  am  cared  with  honeyj  and  then  sprinkled  with 
peroxide  of  mangane.se.     Since  the   nuuiher  of  plates  in  these  pile§  can 

»  easily  he  raii*ed  to  several  thousands^  the  poles  exhibit  sufficient  tension 
to  give  aparka.  But  the  quantity  of  the  electric  current,  which  can  arise 
from  nothiijg  btit  the  clieniical  action  of  the  hygroscopic  water  in  the 
paper  on  the  tin  of  the  so-called  silver  paper,  \ji  extremely  small.  Hence 
the  poles,  after  being  discharged,  take  u  long  time  to  recover  their  fonner 
tcn.»iion ;  the  pile  produces  no  ignition  of  metallic  wires,  and  does  not 
readily  exhibit  chemical  action.  It  was  only  by  employing  plates  of 
greitter  size  than  tliose  generally  used,  that  Bohncnoergcr  obtained  a  slight 
deeompo5^ition  of  water. — The  pile  when  perfectly  dr^'  gives  no  more 
electricity  (Parrot,  H.  Davy)^  and  the  q  nan  tit  v  which  it  yields  is  greater 
in  pwpnrtion  to  the  «juantity  of  moisture  whicfi  it  contains,  (Parrot)  If 
the  pile  he  dried  by  surrounding  it  with  chloride  of  calcium,  and  raising 
it«  teiiiperature,  it  will  afterwardf  exhibit  no  electricity  at  ordinary  tern- 

Ceraton  s,    hut  will   becoTne  oleftn(\il  when  heated.      At    temperatures 
of  ween  70'  and  7r»  ,  the  tension  of  the  poles  is  even  greater  than  in  an 
undried  pile  at  ordinary  temperatures.     But   when  the  poles  have  been 
'  di.scliarged,  the  accumnfation  of  electricity  in  the  dried  pile  is  much  slower 
than  in  one  which  has  not  been  perfectly  dried.  (Jiiger,) 

In  the  nudried  pile  also,  the  tension  of  the  poles  is  increased  by  heal^ 
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ing  to  24  ;  tbe  application  of  &  stronger  beat  produces  no  perceptibla 
iiicrease  of  tension.  In  vacuo^  tlio  pile  cxliiliits  tlio  «amo  Icabitm  na  in 
the  air.  If  the  positive  pule  be  connected  with  the  comhictor  of  nn  elec- 
trical raachine,  tlio  negative  electricity  of  the  uppo.site  polo  sinks  to  0; 
but  when  the  nejL,^itive  pole  is  connected  with  llio  conductor,  the  teusioii 
of  the  potjitive  pole  increuaes.  (Donne,)  After  the  lapse  of  eome  time,  the 
tin  of  the  silver  paper  Ijecomes  dull  and  tarnished  (H.  Dary),  and  the 
pile  gradually  loses  the  whole  of  it^  powder.  (Jager,) 

Comp.  ZaniWni  (Gilk  GO,  151);  Heinrich,  Schiihler,  Schwei^ger 
(Schw,  15,  113,  126,  132);  Jliger  (Gilk  G2,  227);  Doune  (Ann,  Cltim, 
Fhyn.  42,  71,— abstr,  Sdm.  58,  81);  Rosenchold  {Fogg.  43,  103,  and 
440.) 

3.  Battei'les  consistiriff  of  one  Meial  and  one  Liquid* 

If  square  pieces  with  long  tails  be  cut  ont  of  zinc  or  tin-foil,  and 
placed  in  about  thirty  watch-gla^fles  filled  with  water,  and  arranged  near 
one  anotherj  so  that  a  sf|uare  may  lie  in  one  watch-^lass  and  the  strip 
attached  to  it  in  the  noxt,-=and  eonaenainntly  each  vvatih-gla^fs,  excepting 
the  llrst  and  last  may  contain  a  square  auff  a  strip  hehinging  to  two  dif- 
ferent pieces  of  metal, — the  arrangement  thus  produced  will  heZamhonCs 
Fih  of  tim  ElemeiilM,  In  Puch  a  ca5e»  aceording  to  Zaniboni,  the  first 
watcb-glasfs  into  which  the  first  scjuare  dips,  or  the  polo  towards  which  all 
the  squares  are  directed,  iai  negative, — and  the  la^t  watch-gla«sB  into  which 
the  last  strip  dips,  or  the  pole  towards  which  all  tlio  strips  are  directed, 
positive.  With  copper- foil,  the  opposite  urrangenient  of  the  poles  takes 
place.  [According  to  this,  the  piece  of  zinc  or  tin  of  greater  surface  must 
be  negative  towards  that  of  smaller  surface^  and  the  contrary  with  cop- 
per.] But,  according  to  Ernian,  the  positive  pole  in  the  zinc-foil  arrange- 
ment is  that  towards  which  the  squares  are  directed,  and  the  negative 
P<:de  that  towards  which  all  the  points  are  directed;  the  contrary  with 
«ilvor.  According  to  Erin  an.  also,  the  current  continues  for  two  days 
only  at  the  utmost,  and  may  then  be  reproduced  for  a  shorter  time  by  the 
addition  of  common  salt  to  the  water. 

If  pieces  of  so-called  gold-paper  (or  silver*paper)  be  formed  into  a 
I»ile,  the  metallic  pole  of  this  pile  is  positive,  the  paper  pole  negative, 
(Erman,)  [Is  the  surface  of  the  metal  which  ih  turned  towards  the  paper 
lese  smooth  thun  the  outer  surfacel] 

If  eighty  zinc  plates,  4  square  inches  in  surface,  polished  on  one  side 
and  rongh  on  the  other*  be  placed  in  a  wooden  trough  at  the  distance  of 
1  or  2  millimetres  from  one  another,  so  that  they  may  he  separated  by 
thin  (^tnita  of  air,  and  one  pole  of  this  pile  be  connected  ivlth  the  electro- 
scope, the  other  with  the  ground, — the  electroscope  receives  a  considerable 
charge.  The  two  surfaces  of  the  zinc,  Wing^of  d liferent  degrees  of  smooth- 
ness, act  like  two  metals,  and  the  film  of  air  supplies  the  place  of  a  liquid, 
(Watkins,  Poffg.  14,  386.)     [This  de^ervc^  verification.] 

On  tilling  a  number  of  copper  vessels,  1,  2,  3,  4,  5,  6,  7,  B,  with  diluto 
sulphuric  acid,  connecting  1  with  2,  3  with  4,  5  with  6,  and  7  with  8,  by 
means  of  boss  wires, — on  the  other  han«b  2  with  3,  4  witli  5,  and  H  with 
7,  by  means  of  bundles  of  thread  saturated  with  salt-water, — and  heating 
only  the  vessels  1,  3,  5,  and  7, — a  current  is  produced,  sn Hi cient,  when 
fourteen  vesselH  are  used,  to  decompose  water,  if  the  tdectncity  be  ton- 
ducted  through  that  liquid  by  means  of  brass  wires.  A  a  the  heated  tcs-* 
eels  cool,  tlie  current  ceascij,  (ScUwoigger,  N,  GchL  tl,  704,) 
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4,  BalttAu  coimUing  nfone  Mdal  and  two  or  three  Liquuk. 

Ifa  number  of  U4uWs  (App.5)he  filled  on  one  side  with  coD<3«ci- 
tmtedj  on  the  oilier  with  dilute  sulphuric  or  nitric  acid,  and  connected  by 
arcs  of  the  game  metal  tliiii»ing  into  the  liquids — e.  <f.y  tin,  leafl,  iron,  cop- 
per, or  silver — an  efficient  battery  ia  obtained.  With  sulphuric  acid  and 
iron^  positive  electricity  goes  from  the  end  of  the  arc  which  dips  into  the 
dilute  acid  to  thnt  which  dips  into  the  strong  acid;  the  contrary  with  tin 
and  siilphunc  acid*  (Farad ay ,  p.  40D0 

If  one  cud  of  the  copper  arc  be  inimersed  in  solution  of  liver  of  sul- 
phur, t!ie  other  in  dilute  sulphuric  acid,  the  solution  of  liver  of  sulphur 
being  contiectcd  with  the  acid  by  a  film  of  solution  of  conimou  salt>  S 
powerful  battery  is  produced.  (IL  Da^'yO 

In  a  pile  cu'nsistin^,'  of  the  following  elements — cloth  satarated  witH 
water,  plate  of  metal  (lead,  copper,  or  silver  plates  answer  best),  cloth 
goaked  in  solution  of  liver  of  tjulphur,  cloth  soaked  in  water,  plate  of 
metal,  &c.*— positive  electricity  goes  through  the  metallic  arc  from  the  hist 
element  to  the  first.  (H.  Davy,) 

5,  Oroi?eB  Gas  Battery. 

IT  This  batteiT  consists  of  a  series  of  tabes,  containing  strips  of  pla- 
tinum foil  covered  T^-ith  a  pulverulent  deposit  of  the  same  metal.  The 
tubes  are  arran*^ed  in  \m'iTH  m  scpurate  vessels  of  dilute  sulphuric  acid; 
atid  of  each  pair,  one  tube  is  cb!jr<^ed  with  oxygen  and  the  other  with  hy- 
*ln>;[]:en  ga^,  in  quantities  such  as  to  allow  the  platinum  to  project  above 
the  diiiite  acid  into  the  atmosphere  of  gas  in  the  npper  part  of  the  tube. 
The  idatinnni  in  the  oxygen  of  one  pair  is  metal  lie  [illy  connected  with 
the  fdatirium  in  the  hydrogen  of  the  next;  and  thus  a  series  may  be  com- 
posed of  any  nutnbf^r  of  pairs.^^A  battery  of  four  cells  constructed  in 
this  manner  will  decompose  acidulated  water;  a  single  cell  will  decom- 
pose iodide  of  potaasinni;  and  twenty  pairs  will  produce  very  powerful 
eflbctSj— euch  as  giving  a  shock  which  may  be  felt  by  several  persous  at 
once,  producing  a  brilliant  light  between  charcoal  prdut^,  ike.  When  the 
poles  arc  unconnected,  a  gold-leaf  electroscope  connected  with  either  of  them 
is  sensibly  deflectciL  When  distilled  water  is  substituted  for  acidulated 
water  in  the  cells  of  the  battery^  the  effects  are  similar  but  more  feeble* 

The  current  of  positive  electricity  proceeds,  with  hi  tkt  batttrrif^  from  the 
hydrogen  tube  to  the  oxygen  tube  in  the  mme  p^z*/*,— so  that  In  (he  volta- 
meifi\  the  platinum  connected  with  the  terminal  oxygen  tube  of  the  battery 
becomes  the  ponitivo  pole  or  anofk  {v'uL  Electrolysis,  p.  431)*  In  fact, 
the  hydrogen  in  the  battery  tubes  is  tho  oxidabfe  body,  acting  like  the 
«inc  in  the  ordinary  battery.  Both  gases  in  the  battery  tubes  are  ab- 
sorbed,—but  the  hydrogen  twice  a5  fast  as  tho  oxygen.  It  is  essential 
that  the  platinum  plates  be  innnersed  in  the  gases  as  well  as  in  the  liquid: 
for  when  these  jil'ites  are  made  so  short  as  not  to  project  above  the 
liiiuid,  no  action  tiikes  place.  The  use  of  the  linely  divided  platinum  is, 
of  course,  to  increase  the  surface  of  contact.  The  rationale  of  the  action 
appears  to  be  as  follows:  '*  Wlicn  tho  circuit  is  completed — ^at  <*ach  point 
of  contact  of  oxygen,  water,  and  platinum,  a  niolecnle  of  hydrogen  leaves 
its  li^sociated  molecule  of  oxygen  to  unite  with  a  molecule  of  the  free  gas; 
the  oxygen  ihtis  tlirowo  oil'  unites  with  the  hydrogen  of  the  adjoining 
n»(decule  of  water;  and  so  on* — till  the  hv^X  molecule  of  oxygen  unites 
with  a  molecule  of  free  hydrogen :-- or  wc  may  conversely  assume  thai 
the  action  commences  iu  tho  hydrogen  tube.'* 
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^Ir.  Grov(>  likewi&e  tried  various  other  coiiibluatronH  of  gasc3,  viz. 
clilorine  aiitl  hytln»gen»  clilorino  and  carljouic  oxide,  oxygt'ii  iviid  nitrous 
oxide,  ox y.tren  anil  nitric  oxide»  liydr*:j;^rcn  and  carbon ii-  oxidcT  <fcc.;  Liit 
none  of  tlieni  were  found  to  be  adapted  for  actual  use  in  the  buttery. 
Cldorine  and  liydrogen  gave  a  powerful  current;  but  the  rapid  absorp- 
tion of  the  chlorine  eoon  put  a  stop  to  the  action.  Chbjrinc  and  oxygen, 
on  the  one  eide,  and  h_ytirogen  and  carbonic  oxide,  on  the  other,  were  the 
only  gases  which  aj^peared  to  be  deci<ledly  capable  of  combining  electro- 
fiynthctically*  so  as  to  produce  a  voltaic  current.  The  other  combina- 
tions produced  no  effect,  excepting  for  the  iir.^t  few  minutes.  Oleliant 
ffaa  should  perhaps  be  excepted:  it  appears  to  give  a  continuous  but 
feeble  current.  The  Vtipours  of  bromine  nad  iodine,  were  they  less  solu- 
ble, would  probably  also  be  found  efficient  as  electro -negative  gases. 
{P/iiL  Mar/,  J.  21,  417;  24,  26S,  346  and  422;)     IT 

I.     EUctrkUp  cUmhped  by  the  Vitai  Proc<'5*\ 

Certain  fishes,  as  Torpedo  jtiilmaculaiaj  marmorataj  Galvnnit  (tho 
Electric  Kel),  and  Narke  (the  Electric  Ray) ;  Sllurm  rhciriats;  Tdra^don 
electrieuSf  and  G^modis  elect ricits^  have  the  pow  er  of  constantly  generating 
tbe  two  electrieitie?!  in  their  bodies,  in  large  quantity  and  of  coneiderable 
tension,  and  imparting  electric  shocks.— In  tiie  Electric  Ray,  negative 
electricity  proceeds  from  the  under,  positive  electricity  from  the  upper 
snrfaee  of  the  body.  The  electricity,  when  conducted  away  by  wires, 
acts  upon  the  magnetic  needlcj  and  decompojies  li<|uids.  (J.  Davy.) 
Sparks  may  also  be  obtained  from  the  Electric  Ray  by  means  of  a  pecu- 
liar apparatus.  (Linari  <5r  Matteucci.)  Comp.  Humboldt  {Ann,  Chim, 
Phj^,  11,  415);  J.  Davy  {Phil  Tram,  1820,  1.5;  also  Hehm.  57,  17;  also 
Pofiii.  IG,  311;— PAiZ  Tram.  1832.  259;  also  /V/A  27,  542);  Linari  Jb 
Mattencci  {Pvfjfh  SS,  292);  Mattencci  {Poqg,  3,9,  485);  Linari  (/%'/■  40, 
642);  Colladon^(/'9^/A  39,  411). 

^  Faraday  has  exaniined  the  electric  force  of  the  Gymnotus.  He 
finds  that  the  shock  is  strongest  when  one  hand  is  applied  to  the  head 
and  tbe  other  to  the  tail^ — and  diniini.dies  in  force  as  the  points  of  con- 
tact are  Ijrought  closer  together.  The  galvanometer  \yi\H  affected,  and 
iodide  of  potassium  decomposed-— in  such  a  nianncr  aa  to  show  tliat  the 
current  proceedi^  from  the  anterior  towards  the  posterior  part  of  the  fisli. 
The  spark  was  also  obtained  by  means  of  a  magneto-electric  coil.  When 
the  shock  was  strong,  it  was  like  that  of  a  large  Leydcn  battery  charged 
to  a  low  degree,  or  that  o£  a  voltaic  battery  of  perhaps  one  hundred  and 
forty  or  more  pairs,  of  which  the  circuit  is  completed  for  a  minute  tmly. 
{PhU,  Tram.  1831^,  I,  1;  PklL  Maff,  /,  14.  21L) 

The  spark  had  previousily  lH?en  obtained  from  a  gymnotus  by  Fabl- 
berg  and  Guii^an.  {Ik  Gpnnoto  dtctrico^  Tubingen,  1819.)     TT. 


IT.     Inpluence  of  Ele<tricity  on  toe  CtiEMirAL  Natube  op 

ToMJERAULE    SUBSTA^'CE3. 

1,  Comhinatwm  brottf/hi  about  by  Eleclrical  Tfifluence. 
The  combination    of   ttie   two   electricities  often  cauaea  combustible 
bodies,  which  may  bo  present  at  the  place  of  combination,  to  unite  with 
oxygen,  ebforitie,  &c. 
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To  tliis  cla^s  of  eflect«  belong'  tlie  iiifljimnmtion  of  a  mixture  of  oxygen 
with  by<lrop(3U  or  otber  combustiblo  ga«eSj  or  of  cblorioe  with  hyilrogeD, 
by  the  simple  electric  .spark ;  of  alcohol,  ether,  colophony,  and  gunpowder 
by  slight  electric  diecbarges  or  by  Ibe  eimple  s|>ark;  the  burning  of 
various  metals  in  the  form  of  thin  wire  or  foil,  when  the  combination  of 
the  two  electricities  takes  place  wit  bin  tbeir  substance,  and  of  charcoal 
by  strong  electric  gbockfc  or  by  the  galvanic  battery;  and  the  combination 
of  nitro^'en  witli  oxygon,  when  electric  gparka  are  made  to  pass  for  a  long 
time  through  a  mixture  of  those  two  gases.  According  to  Faraday,  large 
electric  gparka  pasi^ed  over  litmus  paper  produce  nitric  acid  @ufEicient  to 
redden  it. 

Ill  most  of  these  csuaes,  electricity  appears  to  act  by  the  development 
of  heat  which  accompanies  the  nnion  of  its  two  kinds:  it  nuiHiy  however, 
act  in  a  di&'ereiit  manner  in  the  combination  of  oxygen  and  nitrogen,  since 
this  combination  is  not  effect ed  by  heat.  In  this  cascj  as  m  the  inflara- 
maliou  of  liydrogen  by  a  fciinall  electric  spark,  the  comprei>sinn  which 
the  gases  sit«taln  in  tiic  pa&sago  of  tbe  spark  must  also  bo  taken  into 
account. 

2.  DecomposUiom  produced  htf  the  action  of  Ekciricily. 

When  the  two  electricities  are  made  to  enter  a  compound  body,  either 
solid,  litpiid,  or  gageotiSj  wbicb  is  not  a  perfect  conductor,  the  compound 
IB  frctjuently  resolved  into  its  elements. 

A.  Decompositions  produced  by  repeated  Electric  Discliarges. 

When  the  combining  electricities  are  endued  witb  high  intensity^  and 
their  lib  ion  takes  place  in  tlie  form  of  a  succession  of  sparks  in  a  com- 
pound gas  f^T  a  compound  solid  body,  decompobitiou  of  the  conifKiuml 
often  takes  plnce.  This  effect  may  in  some  cases  be  due  to  the  high 
tempemtnre  produced  by  the  electric  discbarge,  since  many  of  the.se  de- 
compositions may  also  bo  produced  by  heiit;  but  this  is  not  always  the 
case. 

Repeated  dischargee  from  tbe  common  elect rical  battery  ilecompow 
oxide  of  mercury  into  mercury  and  oxygen  gas.  Bonnijol  decompoaed 
chloride  of  silver,  and  even  hydrate  of  potash  enclosed  in  glass  tubea,  by 
repeated  electric  sparks j  tbe  silver  separated  iu  ten  minatee;  the  pota^ 
sium  burnt  immediately  after  separation. 

Continued  discharges  from  the  common  battery,  or  even  simple  elec» 
trie  sparks,  partial iy  decompose  carbonic  acid  gas  into  oxygen  and  car- 
bonic oxide,  oletiant  gas  and  light  carbn retted  hydrogen  into  carbon  and 
hydrogen  gas, — likewise  phospburettetl  hydrogen,  sulphuretted  hydrogen, 
bydriodic  acid,  hydrochloric  acid,  and  amnioniacal  ga^tcs,  into  pbospborus, 
siil[djur,  iodine,  chlorine,  and  nitrogen^  on  the  one  hand,  and  hydrogen  on 
the  other. 

B.  Decompositions  produced  by  the  continuous  Discbarge  of 

Electricity  of  sniall  Tension. 

If  tho  two  electricities  proceeding  from  the  poles  of  a  voltaic  battery, 
or  any  other  suitable  source,  be  made  to  How  through  two  good  conduc- 
tors, not  in  contact  with  each  other,  into  a  compound  liquid,  tbe  three 
following  cases  may  arise. 
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1.  Tho  liqiud  conducts  tbe  electric  rurreiit  very  well,  and  gives  pas* 
Mge  to  it,  wjtliout  underj^oing  any  alteration.^ — Tins  ie  the  cajse  wltli 
8olution3  of  various  metals  in  mercury,  and  witli  fused  alloys. 

*2.  It  completely  ^tops  the  current,  and  suffers  no  decomposition: 
if,  however,  the  electricity  pf>ssesse9  great  intensity,  it  may  force  a 
|>assage  mechanically  through  the  liquid. 

3.  The  liijuid  allows  more  or  less  readily  the  continual  ingress  of  th© 
two  electricities,  hut  ie  at  the  same  time  decomposed;  and  only  in  so  far 
m&  tbe  decomposition  goes  on,  is  the  passage  of  tho  current  possible, — so 
that  the  (apparent)  conducting  power  of  the  liquid  is  directly  proportional 
to  it^  decomposibility,  or  elae  identical  with  it.^ — To  this  claims  belong  all 
li<|uifls  mentioned  on  page  311,  under  the  head  ^^  with  the  exception 
of  fused  protiodide  of  mercury,  which  conducts  well  without  being  de- 
comptjsed. 

All  gases  act  as  non-conductors,  and  are  not  decomposihle  by  elec- 
tricity  of  small  tension.  Solid  compounds  likewise  resist  decx^m  post  lion, 
in  consequence  of  the  imrnohility  of  their  particles,  excepting  when  tboy 
are  in  contact  with  liquids  on  which  the  electric  current  acts. 

I  In  the  deconipojsition  of  liquids  of  class  3*  the  elements  are  always 

I  liberated  close  to  the  ctmductors  hy  which  the  two  elcctricitict  are  in- 
troduced,— and,  according  to  tlietr  difrercnt  natures,  are  either  evolved 
in  gas-hubhles  or  dcpot?ited  in  tlie  solid  ff»rni,  or  dissolve  in  tho  nude- 
composed  portion  of  the  liquitl  surrounding  the  conductor,  or  combine 
cheniically  either  with  the  conductor  or  with  other  elements  of  tho  liquid, 
thereby  giving  rise  to  Secondary  Pt-odtictH. 

The  two  good  conductors  by  which  the  two  electricities  are  intro- 
duced into  tho  liquid  are  the  rofar  Conductm^gj  Pohtr  Wiixs  (they  may, 
however,  consist  of  charcoal,  graphite,  or  mercury),  or  Faniday  s  El€C^ 
trodf». — The  conductor  which  introduces  the  positive  eWtricity  is  the 
Posiii^e  Polar  Wire,  Faraday's  Anodf,  Smee's  Oxode,  Grahnm^s  Zincodc 
or  Zincoid. — .The  conductor  which  introduces  the  negative  electricity  la 
tho  Nffyative  Polar  Conducfor,  Faraday^s  Cathode,  Sinee's  fiyilrorjode, 
Graham's  Platinode  or  OAAwyhVA— The  liquid  decompo?e<l  liy  the  electric 
current  is  Faraday's  Ekctroiifte^  and  the  decomposition  prf>duccd  by  elec- 
t?icity,  Electrobjsis. — The  elements  of  the  liquid  evolved  on  the  polar 
conductors  are  Faraday's  lon9;  the  electro-negiitive  elements  evolved  at 
the  positive  conductor  or  anode  being  called  A  ttwn^^  and  the  electro- 
positive  elements  evolved  at  the  negative  conductor  or  cathode,  Cations* 

I  — The  vessel  in  which   the  decomposition  of  the  liquid   takes  place  is 

[         called  the  Dt^compoMnf/  CdL 

[Electrolytes  mu?<t  be  regarded  as  non-conductops,  which,  though  tliey 
may  bf  broken  thrc>ugh  by  electricity  of  high  tension,  will  not  allow 
electricity  of  low  tension  to  pass  quietly  through  them.  In  the  latter 
case,  therefore,   the  two  electricities  are    unable  to  combine    with   one 

,  another;  but  they  may  unite  with  the  elements  of  the  liquid.  It  has  been 
assumed  (pp.  157  and  342)  that  hydrogen,  when  in  the  free  state,  contains 
negative  electricity,  and  oxygen  positive  electricity  combined  with  it, — and 
that  when  these  two  bodies  unite,  the  two  electricities  combine  together 
and  fonn  heat,  which  is  partly  set  free,  and  partly  perhaps  remains  com* 
bined  with  the  water.     Now  when  negative  electricity  act«  on  one  part 

iof  tho  water,  and  positive  electricity  on  another,  the  former  unites  with 
tho  hydrogen  of  the  eontigmms  atom  of  water,  the  latter  with  the  oxygen 
of  another  atom  of  water:  hence  hydrogen  gas  is  evolved  at  the  cathode, 
I 
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and  oxygen  at  tlto  anode.  The  eloetric  fluids  entering  the  liquid  with  a 
certain  tension,  and  m  a  ccitaiii  quantity,  tlicir  aflinitj  for  oxygen  and 
Lydrogen  overconica  tlie  luutual  attraction  betweci^  iho^id  elements,  some- 
what in  the  same  manner  ub  the  increased  alUnity  of  ciiloric  for  carbonic 
acid  at  a  red  heat  decomposes  carbonate  of  lime.  Woreovor,  while  an 
atom  of  Itydroiien  is  evolved  at  the  negative  conductor*  and  an  atom  of 
oxyg'en  at  the  positive,  a  transpoisition  of  atoms  (as  described  at  p.  343,/) 
takes  place  throughout  the  row  tpf  atom-s  of  water  lying  between  these 
points;  so  that  the  liquid  in  the  middle  remains  quiet,  and  no  trausfereuc^ 
of  matter  from  *>uc  etectrode  to  the  other  can  be  detected.  The  greater, 
however,  the  distance  between  the  points  at  which  the  electrodes  dip  into 
the  liquid,  and  the  greater,  there  fore,  the  number  of  atoms  which  must 
be  transposetlj  the  Idgbcr  will  be  the  electrical  tension  required  to  over* 
come  this  resistance. 

A^  with  water,  ?o  aUo  with  all  other  electrolytes; — their  cation,  a 
metal  for  example,  resumes  the  negative  elcctricily  which  it  had  lo>t  on 
combining  with  the  anion,  such  as  chlorine,  bromine,  iodine,  &c., — and 
this  again  resumes  its  positive  electricity.  In  all  these  ciiscs^  the  nega- 
tive electricity  which  the  cation  iuki^s  uj>  must  correspond  to  the  positive 
electricity  taken  up  by  the  anion, — that  U  to  say,  the  required  quantities  of 
eleetricity  must  be  to  one  another  in  the  proportion  in  which  they  com- 
bine to  form  heat. 

When  the  oxygen  liberated  at  the  anode  is  not  evolved  aa  gas  but 
combines  with  the  anode — f.  g.^  when  the  latter  consists  of  zinc — we  may 
Buppose  that  the  negative  eleetricity,  as  it  is  set  free,  combines  with  the 
positive  electricity  proceeding  from  the  Imttery,  and  that  in  this  caae  the 
decomposition  U  effected  by  the  affinity  of  negative  electricity  for  hydrogen 
and  of  zinc  for  oxygen. 

According  to  this  view,  electrolytes  are  not  really  conductors, — they  do 
not  permit  the  combination  of  the  two  electricities,^ — ^no  electric  current 
passes  through  them, — but  their  elements  ctmtinually  take  up  the  elective 
fluids  as  they  enter,  and  thus  give  rise  to  a  constant  current  in  the  elec-  h 
trodcH.  The  apparent  conducting  power  of  electrolytes  is  greater  there-  ^| 
fore  in  proportion  to  the  facility  witli  whicli  they  are  decomposed,  that 
is,  to  the  rapidity  with  which  their  elements  take  up  tiie  electric  fluids 
proceeding  from  the  battery,  and  scjiarate  from  the  liquid. 

We  are  at  pre^sent  unable  to  explain  why  pure  water  resists  the  trans* 
potiition  of  its  atoms  with  greater  force  than  water  combined  with  acids 
or  saUe.] 

[The  theory  liore  given  of  deeoinjjositiou  by  the  electric  current  is  in 
the  main  the  mme  aa'  that  of  GrotthusH.  (Ann,  Chun,  58,  65  ;  63,  34.) 
That  philosopiier  likewise  sufpoged  that,  in  the  decomposition  of  water, 
positive  electricity  conjbines  with  the  oxygtn  i)f  the  atom  <*f  water  lying 
next  to  the  po.<itive  wire,  and  negative  electricity  with  the  hydrogen  of 
the  atom  of  water  next  to  the  negative  wire,  and  that  between  the  two 
poles  transposition  of  atoms  takes  idace.  I'he  production  of  flanie,  whicli 
accompiinics  the  combination  of  oxygen  and  liydrogen  gas,  was  likewise 
attributed  by  Grotthuss  to  the  combination  of  the  positive  electricity  in 
the  oxygen  with  tlie  negative  electricity  in  the  hydrogen.  The  only 
difference  between  his  theory  and  the  preceding  is'  that  ho  supposes  a 
linear  transposition  of  atoms  to  take  place  (somel!iing  like  that  repre- 
fiented  in  App.  23,  instead  of  a  semicircular  up  and  down  motion.  Sir 
H.  Davy  (GilL  28,  di*)  and  W.  Henry  {Ann.  Phil.  1,  m5)  propounded 
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views  similar  to  that  of  Grottlius^,  Becquerel  {Atin.  Ckim.  Phys.)  sup- 
po809,  as  I  iloy  that  the  atonus  move  in  semicircles  one  over  the  other. 
Accorditig  to  Faraday  {Phil  Trmis.  1833,  II.,  675;  abo  Fogg,  32,  401), 
who  admits  but  one  kind  of  electricity ^  electrolytic  decoinpositioD  is  the 
re^siilt  of  a  peculiar  corpuscular  action  developed  in  the  direction  of  tho 
current;  it  proceeds  from  a  force  which  is  cither  added  to  the  aitinity  of 
tlie  bodied  present  or  determines  tlie  direction  of  that  force.  The  decom- 
posing body  is  a  mass  of  acting  particles,  of  which  all  that  lie  in  the 
coarse  of  the  current  contribute  to  tho  terminal  action;  and  iu  conse- 
quence of  the  atlinity  between  the  elements  being  weakened  or  jiartiaLlj 
neutralized  by  the  current,  parallel  to  its  own  course  in  ono  direction, 
and  strer)gtliene<l  and  ast*isted  in  the  other,  the  combined  particles  acquire 
a  tendency  to  move  in  diflerent  directions.  The  particles  of  one  cleoient 
a  cannot  travel  from  one  pole  to  the  other,  unless  they  meet  with  particles 
of  an  opposed  substance  h  ready  to  move  in  the  opposite  direction.  For, 
in  Cfmscijueuce  of  tlieir  increased  afiinity  for  the*50  particles,  and  the 
diminution  of  their  atfinity  for  those  which  they  have  left  behind  them  in 
their  way,  they  are  continually  driven  forward.  Faraday,  therefore,  like- 
wise supposes  a  transposition  of  particles.  According  to  Do  la  Hive 
i^Ann,  C/iim.  Phijs.  28,  U>0),  the  positive  electricity  which  enters  a  liquid — 
water  for  example — combines  with  the  hydrogen,  se It iug  the  oxygon  free, 
and  carries  the  hydrogen  rapidly  along  with  it  through  the  whole  mass  of 
liquid  till  it  reaches  the  negative  wire;  it  thon  enters  the  wire,  while  the 
hydrogen  combined  with  it  escapes  in  the  form  of  gas.  At  the  same  time, 
the  negative  electricity  proceeding  from  the  negative  wire  liberates  hy- 
drogen from  the  contiguous  atom  of  water,  carries  the  oxygen  of  the  same 
atom  over  to  the  positive  wire,  enters  the  wire,  and  sets  the  oxygen  free. 
Hence  the  oxygen  ga^  evolved  at  the  positive  pole  proceeds  from  two 
eourcea — half  (rom  the  positive,  and  half  from  the  negative  current;  simi- 
larly with  respect  to  the  liyilrogeo  gas, — This  view  is  mainly  liable  to 
the  objection,  that  when  the  polar  wires  dip  into  two  different  liquids,  the 
anions  of  the  hquid  which  is  in  contact  with  the  negative  wire  usually 
require  a  long  continued  action  of  the  current  to  bring  them  to  tho  positive 
pole,  and  Bometimca  do  not  reach  it  at  all  ;^similarly,  with  regard  to 
the  passage  of  the  cations  of  the  other  liquids  towards  the  negative  pole. 
For  example,  wlieu  solution  of  sulphate  of  nijigncsia  is  placed  in  contact 
with  the  positive  pole  and  water  in  contact  with  the  negative  pole,  no 
magnesia  is  set  free  at  the  latter,  the  whole  of  that  substance  being  pre- 
cipitated at  the  surface  of  separation  of  the  two  liquids.  According  to 
Biot,  a  liquid  placeil  in  the  voltaic  circuit  divides  itself  into  two  halves, 
one  of  which  acquires  a  positive  the  other  a  negative  electrical  tension. 
Each  element  of  the  liquid  tlien  goes  towards  that  side  which  is  charged 
with  the  kind  of  electricity  opposite  to  its  own*  and  thus  decomposition 
ensues.  But  the  evolution  or  precipitation  of  the  element.^  does  not  take 
place  throughout  the  two  halves  of  the  liquid — but,  for  the  most  part,  solely 
at  the  polar  wires.] 

Electrolytes,  Ions,  and  Products  of  Decomposition  in  general. 

According  to  Faraday,  only  those  compounds  of  the  first  order  are 
directly  decomposiblc,  which  contain  one  atom  of  ono  of  their  elementa 
for  each  atom  of  the  other, — <.  g.,  compounds  of  1  At.  hydrogen  or  metal 
with  1  At.  of  oxygen,  iodine,  bromine,  cldorine,  fluorine,  or  cyanogen, 
ifec.     On  the  other  baud,  boracic  acid  (B  0'},  sulphurous  acid  (S  0'),  8ul- 
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tfhwc  *eid  (S  O*),  iodi«le  »f  sulphur,  dJorU«  ©f  pliotplierot  (PCI*)  «i4 
f(P  n^  eblunde  of  Kilplnir  (S*  CI),  cblorid©  of  carbon  (C*  CI*),  bichlondo 
CP),  iMddorlde  of  Mt^c  (As  OF),  qaintodiloride  af  antimoQJ 
(  iiid  Melio  «iQd  in  Uie  iiqaid  but  ^bjdroiie  «tftl«,  sre  midecoiD* 

^ible  Mid  met  as  noRKsoodiietors.  Oxide  of  »iitiiiianj  and  tercblorid^  of 
aoiinumj,  wbieh  am  deocmitiofiible  in  the  fused  sUte  (the  latter  bowerer 
but  sligbUj),  form  an  e^L caption  nol  yet  explaitied;  so  likewise  dcx?a  pro* 
liodo  of  mercttty  (Hg  I),  whicb  in  tbo  melted  state  conducts  witbout  iuf- 
ferins:  decompostiioti.^ — All  compooods  wbidi  are  docoinpoeiblo  wbaa 
dissoTred  in  water,  bebave  in  tbe  same  manner  wben  fused*  (Faraday.) 

Connell  found  that  when  tbe  electric  current  was  condnct^Hl  into 
fnsed  iodic  acid  <I0^)«  tbe  galranometer  was  deflected  and  tbe  acid 
deoompoeed:  be  considers  bowcrer  that  tbe  deoomposition  may  be  the 
result  of  beat,  inasmacb  as  tbe  fui*ing  and  decomposing  points  of  the  acid 
are  near  to  one  another.  Liquid  ammonia — possibly  from  containing  a 
trace  of  water — conducts  slightly  tbe  electricity  of  a  battery  of  250  pairs, 
so  that  an  agitation  is  perceptible  in  it ;  but  water  pbiceii  in  tbe  nMne 
mcait  is  not  decompo^seil.  (Kemp,) — Liquid  cyanogen  does  not  ooodiiel 
Ibe  electricity  of  a  battery  of  300  pairs  of  plates,  (Kemp,) 

Of  tbe  elements  (and  substances  like  animonium  and  eyanojg;eii»  wbich 

replace  them  in  their  combinations)^  some  are  always  endTed   at  llio 

negatiire,   others  always  at  tbe  positive  pole,  with  whatever  other  sub- 

iteoee    they   may  be   combine*! : — ^bence  they  are   divideil  into  cations, 

.wbieh  are  evolved  at  tbe  negative  electrode,  and  anions  which  are  evulve^l 

Ist  the  positive  electrode*— Tbe  iltiiows  ore:  Oxygen,  fluorine,  chlorine, 

['bromine,  iodine,  and  cyanogen, — probably  also   sulphur^   seleninm   and 

f  inlpbo-cyanogen  (For  the  acida  abo  included  in  this  class  by  Fariidajt 

wkL  Deeompotitvm  of  SalU), — Tbe  Cations  are :  Hytlrogen,  tlio  alkali* 

metalsj  ma^esium,  manganesct  antimonyf  bismuth  (}),  linc,  oatimium,  tin^ 

lead,  iron,  cobalt,  nickel,  copper,  mercury,  silver,  gold,  platinum  (and 

ammonium).     Tbe  salifiable  bs^ses  are  also  classetl  by  Fara^iay  under  Ibis 

haad  {md.  Deeomp<»»Ui&n  ^  ikUis). — All  the  elements  are  probably  ions; 

but  witb  respect  to  soma  among  them,  nothing  has  yet  been  determined 

by  experiment.  (Faraday.) 

It  is  necessary  to  distinguish,  as  Faraday  does,  between  direct  and 
indirect  decomposition  by  the  electric  current.  The  former  arises  from 
tbe  immediate  action  of  the  current ;  but  the  substances  thereby  lilierated 
at  the  eleetrtHles,  may,  when  tbe  liquid  is  a  mixture  of  several  com|iounds, 
exert  a  decomposing  action  on  a  compound  ujion  whicb  the  <!urrent  does 
not  act  directly.  Thus,  aqoeoua  ammonia  is  resolved  by  the  eleetrie 
current  into  hydrogen  gas  at  the  negHtive  and  nitrogen  ga.^  at  the  positive 
pole.  It  may  be  supposed  that  tho  water  alone  is  directly  decomposed; 
and  that  the  oxygen  separated  at  the  jKisitivc  pole,  abstracts  hydrogeit 
from  the  ammonia  and  sets  free  the  nitrogen  of  the  same  compound.  It 
cannot  however  be  positively  determined,  either  in  this  or  in  many  other 
cases,  which  deconipoBition  is  direct  and  which  indirect. 

Detfree  qf  Deeompotitwn, 

When  the  electric  current  continues  for  a  sufficient  length  of  tiroei 
the  decompo.*iition  is  complete.  If  the  two  electricities  be  conducted  into 
two  nups  containing  dilute  solution  of  sulphate  of  potosli,  and  connected 
by  a  moiRtencd  wick  t^f  asbostus,  wbich  is  washed  twice  a  day,  so  that  no 
salt  may  be  deposited  upon  it,' — the  posttive  cup  is  found,  after  th 
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tjrs,  to  contain  all  the  suIphiiTic  acid,  and  the  nei?attTeciip  all  the  potaab. 
(H.DavyO 

Place  of  DeeampotiiiMt. 

The  eepamtioii  of  the  iona  takes  place  only  in  the  immediate  neigbbour- 
bortJ  of  tlie  electrodes,  not  at  any  part  of  the  liquid  at  a  distance  from 
theni.  (H.  DaiTf  l^e  la  Rivo.)  If  a  solutiun  of  eonimon  Balt>  coloured 
with  infusion  of  rioletj^t  he  dividtd  into  three  portions  by  two meBihrauoua 
partitions — the  electrodes  dipping  into  tbc  outermost  divieiona — the  co- 
lour of  the  liquid  changes  in  tliese  divisjions  alone,  not  in  the  middle. 
(De  la  Rive.) 

When  a  number  of  currents,  either  equally  or  unequally  strong,  pasa 
simulhineously  through  the  eame  liquid,  either  in  the  same  or  in  opposite 
directions,  neither  of  them  ia  diaturbtd  by  the  rest.   (Mariauini.) 


Relation  between  the  Quantity  of  the  EleotHc  Current  and  the  QuctniUjf  of 
Liquid  decomposed, 

A  battery  wbicli  retains  a  platinum  wire  ^\j  of  an  inch  thick  in  a  state 
of  con K taut  ignition  during  the  whole  time  occupied  by  the  decomposition, 
decomposes  one  grain  of  water  in  3f  minutes:  this  quantity  of  electricity 
is  perhaps  equal  to  that  of  a  poweriFul  stroke  of  lightning.  (Faraday.) 

The  quantity  of  electricity  which  enters  the  liquid  m  directly  pro- 
portiofial  to  the  quantity  of  liquid  flccom posed.  Heiicet  the  quantity  of 
eleclricity  in  the  current  may  be  determined  from  the  quantity  of  the 
products  of  decomposition,  (Faraday,  De  la  Rive.)  The  greater  there- 
fore the  quantity  of  electricity  which  the  apparatus  employed  yields  in  a 
given  time,  the  greater  will  bo  the  quantity  of  liquid  decomposed^  pro- 
vided that  the  electricity  possesses  the  requisite  tension.  Hence  tho 
batterie«  of  Grove,  Daniell,  Sturgeon,  Smee,  and  others,  have  the  strongest 
decomposing  action,  the  electrical  rnachiue  the  weakest- 
Faraday  s  Vol ia-eteetrtynieier  or  Voltameter,  Into  the  lower  part  of  a 
graduated  tube  closed  at  the  top  (Aj>p.  2H)  are  inserted,  opposite  to  each 
other,  two  platinum  wires,  to  the  ends  of  wliich  are  attached  two  small 
p lutes  of  platinum  placed  upright  in  the  tube.  The  open  end  of  the 
tube  is  inserted  into  one  aperture  of  a  vessel,  two-thirds  filleil  with  dilute 
Bulphviric  ucid  of  sp.  gr.  from  r2:>  to  I'^M,  the  other  aperture  being 
closed  with  a  stopper.  The  tube  it*  filled  with  liquid  by  inverting  the 
apparatus.  It  is  then  placed  upright,  and  the  two  platinum  wires  con- 
netted  with  the  poles  of  the  battery,  in  or<lcr  to  determine  the  quantity 
of  dettmating  gas  evolved  in  a  given  time.  The  decomposition  must  not 
be  allowed  to  go  on  long  euough  to  bring  the  gas  in  contact  with  the 
platinum  phitcs,  because  these  plates  woubl  give  rise  to  a  slow  re-nnion 
of  the  gases. — In  many  liquids,  as  in  hydrochloric  acid,  only  hydrogen  gaa 
haa  to  be  collected,  in  others  only  oxygen,  \u  in  the  case  of  sulphate  of 
copper.  In  such  cases,  the  voltameter  may*be  formed  of  a  graduated  tube, 
having  a  platinum  wire  inserted  into  \H  upper  and  closed  end,  fiUed  with 
the  liquid,  and  inverted  in  a  glass  vessel  into  which  the  other  electrode  is 
introduced  {^pp^  29).  Other  arrangements  are  likewise  described  by 
Farnday, 

Whether  the  quantity  of  electricity  in  the  current  be  meaj?ured  by  the 
voltameter  or  bv  the  galvanometer  (in  proportion  to  the  tangent  of  the 
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«i£  ft  w^H^^^i  till  piaZi^  iii»*!i  5ir  -if^ry  xHijoi  if  [»*a*£  r»t£ai!Tf«L  «ii 
swift  Bi  *^iyu%z^fir  ft2i«t  oat»  «£oai  'it'  ^:iii  •iii^>L?t«fL       I>iaiiiJL> 

If  t^  ^^iTinntt  ^^/  ft  hanZi^rr  be  pik-««^i  ikirici;;!^  %  axn^iar  «/  ftillir 
jK>li%ti<#n.^  ^ifln^etM  W  pia^Jirtni  wir^.  ::iie  nuiz^Ls  ftr«  pciKxpESfttcd  ia  tke 
rskXur  fA  lb<*tr  :ia/M^^.  w^iji-s.— ?.  7..  ft&*:i£ii  ^iitr  ibiift»  ft$  msudk  Artx  mc 

For  f>;rz^»i9Jt  ii  <>/;i»<tIxfri  :♦>  FftrwiaT'*  lav — ;:a,i:  e^-al  sambers  of 

y/^,  iv  vt  fr^nxi  u*  the  '{isftatctr  wk>ti  fta  ft:«}«i  •>£  ti^e  saaie  li^vid  evolres 
dnnn;(  iu  ^^ti^r^rcr-d&emkftJ  decomp  t^itioa  br  poodenbi«  bodiesw  (Fmzm- 
dftr,; 

If  fto  SLWm  (A  \ij*iTftTcn  hft?  zireQ  up  %  qaftntitx  of  nesfttire  ekctri- 
rily,  d^jot^l  br  jr.  ao4  fto  ftU^m  of  oxygen  the  sftme  qoftntitT  of  pomiTe 
€?le^ncily,  in  combining  to  form  wftter.  tbis  &une  qoftotitT  of  electncitjr 
HfiOAt  f>«i  restored  to  ea/rh  of  them  bj  the  current. — When  an  fttom  of  wmter 
I*  d^'omjxrt^l  bj  ftn  atom  of  zinc  which  combiner  with  its  oir^^en,  x  mnits  of 
Dfr^tir*:  *rl*fctncitj  are  jset  free  from  the  xinc, — while  tbe  atom  of  kjdrogea 
t\t,\rt'A  on  the  Cf^yfrr,  takes  jr  units  of  negatire  eleetricitv  from  it,  and 
mtU  frtyti  X  nnit/i  of  positive  electricitj,  which  flow  through  the  connectiBg 
wire  to  the  x  unite  of  negative  electricity  liberated  from  the  xinc]. 

The  following  experiments  afford  an  approximate  demoastrmtion  of 
tbi«  law;  but  the  Quantity  dissolved  in  each  cell  of  the  battery  in  propor- 
tion |g  %  parte  (1  At)  of  water  in  the  Toltameter,  was  always  greater  than 
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32*2  partfi  (1  At.),  on  account  of  pure  cLemical  action,  which  could  uot  be 
alto^tber  prevented. 

When  a  Danieirs  constant  hattery,  witb  amalgamated  zinc  'wa*  used, 
33*6  jHirts  t>f  zlnn  were  diseolvccl  in  eatli  cell  of  the  battery  for  erery  9 
parte  of  water  decooipoeed.     (Jacobi.) 

With  batteries  containing  only  one  liquid,  the  ]om  of  zinc  Is  greater. 
When  the  form  of  the  battery  antl  the  nature  of  the  li<[uid  are  varied,  the 
following  tliflerences  are  observed^ — ¥\  denoting  Faraday's  apparatus, 
with  double  C4:pper  surface  (p»  424);  Tg.  the  ctunman  trungh-hattery, 
with  single  copper  surface;  Q  Z.  the  surface  of  the  plates  in  i«quiirc  inches, 
P  Z.  the  number  of  pairs;  1  Tr.  the  number  of  atoms  of  zinc  disgolved  in 
one  trough  during  the  decomposition  of  one  atom  of  water;  and  Tot*  the 
nnmher  of  atoms  of  zinc  dissolved  in  all  the  troughs  taken  together.  In 
l>otb  batteries,  the  liquid  used  waa  a  mixture  of  200  roeaeures  of  water,  4*  J 
of  oil  of  vitriol,  and  4  of  strong  nitric  acid. 


QZ, 

¥Z. 

ITr. 

Tot. 

QZ. 

PZ. 

ITr. 

Tot. 

az. 

PZ. 

1  Tr. 

Tot. 

F. 

,   3 

40 

2 '2a 

88'4 

4 

20 

3-7 

74 

4 

10 

C'76 

67G 

Tr 

.  4 

40 

3-54 

141*6 

1   ^ 

20 

5-5 

110 

4 

10 

15-5 

155-0 

When  different  liquids  are  used  in  a  Faraday's  battery  of  forty  pair?, 
the  quantities  of  zine  dissolved  in  cacli  cell  for  one  atom  of  water  decomposed 
are  tm  followa:  With  200  meafiures  of  water  mixed  with  K  of  strong  nitric 
acid»  1*85  At.;  the  same  qimntity  of  water  with  16  nitric  acid;,  r82;  with 
32  nitric  acid,  2*1  At.;  with  16  measures  of  strong  hydrochloric  acid,  IVS; 
with  0  measures  of  oil  of  vitriol,  4*0G;  with  1(1  measures  of  strong  hydro- 
chloric and  6  of  nitric  acid,  211;  with  4*5  measures  of  oil  of  vitriol 
and  4  of  nitric  acid,  2-26;  with  0  measures  of  oil  of  vitriol  and  4  of  nitric 
acid,  2 '70;  and  with  9  measures  of  oil  of  vitriol  and  8  of  nitric  acid.  2*26 
At.  zinc.  Nitric  acid  is  therefore  the  best  for  this  battery;  and  diflcrent 
degrees  of  dilution  of  this  acid  do  not  affect,  to  any  considerable  extent, 
the  proportion  between  water  decomposed  and  z'mc  dissolved.     (Faraday.) 

If  the  current  from  about  four  pairs  of  zinc  and  copper  he  made  to 
pass  into  a  solution  of  nitnUo  of  silver,  aud  the  quantity  of  zinc  di.^solved 
be  the  Fame  one  time  an  another,  the  quantity  of  silver  separated  will 
likewise  he  constant,^ whether  the  zinc  be  quickly  dissolved  by  the  ute  of 
strong;  and  warm  acid,  and  the  galvanometer  strongly  deflected  hy  the  cur- 
rent—or  the  zinc  be  slowly  dissolved  by  cohl,  weak  acid,  aud  the  galva- 
nometer feebly  deflected.  The  same  quantity  of  electricity  passes  through 
the  liquid  in  both  eases,  though  in  di  tic  rent  times;  hence  the  quantity  of 
fiilver  precipitated  is  likewise  the  Rime.  h?imilar  results  are  obtained  with 
a  battery  of  copper,  platinum,  and  nitric  acid. — If  a  pile  a  be  constructed 
of  lead  and  platinum  platc^,  and  a  pile  b  of  copper  and  platinum,  the 
weight  of  the  lead  plates  being  to  that  of  the  copper  plates  in  the  ratio  of 
the  atomic  weights  of  the  metals,  viz.,  as  103*8  :  32,— and  the  cunenta 
of  both  batteries  he  }>assed  through  solution  of  nitrate  of  silver  contained 
in  sepnrate  vessels, — then,  when  all  the  copper  and  lead  are  dis^solved,  the 
quantities  of  silver  separated  in  the  two  veasels  will  be  found  to  be  equaL 
(Matteucci  ) 

Since  an  eitcti'Ual  machine  developes  much  less  electricity  in  a  given 
time  than  a  galvanic  battery,  even  with  very  small  plate.*^,  it  does  not 
readily  produce  decomposition,  notwithstanding  its  high  tension.  When 
the  machine  is  employed  for  this  purpose,  the  two  electrodes  are  connected 
with  the  two  coatings  of  the  electrical  battery,  or  one  with  the  conductors 
and  the  other  with  the  rubber  or  the  ground.     The  ^xce^ive  tensiup  of 
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the  eleotricity  must  be  weakened  by  giving  a  large  iurfaee  to  Uie  hmtterf 

or  the  coiithictor,  or  else  by  passin§^  the  charge  through  a  wot  elring^  so 
that  it  shall  no  longer  burst  violently  tbroagh  the  electrolyte;  tmd  its 
deficiency  in  quantity  niUHt  be  compensated  by  properly  enveloping  the 
elect rodcj  so  as  to  cimcentrate  the  eleotricity  at  its  eatnuice  iato  ibe 
liquid  upon  a  email  poiut. 

Wollaston  fii*tcd  line  gold  or  silver  wires  into  glass  or  sealing-wax^  m 
that  only  the  extreme  points  of  the  wires  came  in  contact  with  the  liquid* 
In  this  manner  he  decomposed  water,  and  sulphate  of  copper  aud  oorrostTQ 
aubliniate  dissolved  in  water,  by  about  100  turns  of  the  machine.  But  in 
thia  decomposition  of  water,  both  oxygen  and  hydrogen  were  evolved  al 
each  electrode — a  result  probably  arising  from  the  great  intensity  of  tht 
electricity,  winch  Wolla-ston  took  no  moana  to  counteract. — Sir  H.  Drntj 
effected  in  two  hours,  by  Wollaston*a  methodj  the  decompoaition  of  oquiNnit 
solution  of  Hulphato  of  pota^^h  contained  in  two  cupa  connected  by  asbes- 
tus«  {Comp.  Gahn,  and  Hisinger,  Gdh.  27,  311.) — Bonnijol  {Blbl.  ttntv, 
45,  213)  decomposed  water  by  friction  electricity,  and  likewise  by  atmo-, 
spheric  electricity,  which  he  caused  to  enter  the  liquid  hj  wires  half  %• 
millimetre  in  diameter. 

When  only  one  wire  is  surrounded  with  sealing-wax,  detonating  gas  b 
evolved  only  on  this  one  in  pure  water;  none  on  the  other.  The  stronget 
the  sparks,  the  greater  is  the  quantity  of  detonating  gas  evolved;  and  whea 
the  sparks  cease,  the  gas  producetl  i.^  diminished  to  a  mere  traee.  A  soln^ 
tion  of  sulphate  of  soda  yields  but  a  trace  of  gas,  even  when  strong  sparks 
are  passed.  Hence  the  decern j>osit ion  of  water  by  machine  electricity  it 
different  from  that  produced  by  galvanic  electricity.     (Faraday.) 

When  moistened  litmus  piper  '\^  connected  with  the  wire  oi  the  cci& 
doctor  of  the  electrical  machine,  and  moistened  turmeric  paper  with 
wire  of  the  rubber,  and  the  two  papers  united  by  means  of  a  thread 
seventy  feet  long  moistened  with  f^olution  of  turmeric  ]japer,^-decompo8i- 
tioD  takes  phice  (and  therefore  reddening  of  the  litmua  paper  by  eTolveil 
acid  aud  browning  of  the  turnierie  paper  by  liberated  alkali)  as  strongly  as 
when  the  two  papers  are  united  by  a  shorter  connection.  This  is  due  Uk 
the  high  tension  of  the  machine  electricity.  Similar  remarks  apply  to  th< 
decomposition  of  Iodide  of  potassium.     (Faraday,) 

It  is  not  even  necessary  to  have  the  circuit  regularly  closed.  If  mai 
tened  litmus  paper  be  conUiM^ted  with  the  conductor  (or  turmeric  paper 
with  the  rubber)  and  likewise  with  a  string  saturated  with  sulphate  < 
aoda,  and  eommuuicating  with  the  ground  (or  the  gas-pipes  of  Londoo 
or  even  if  the  paper  eonnecteil  with  the  conductor  or  the  rubber  be  insi 
kted,^lecomposition  ensues,  in  consequence  of  the  C4)mbiuati«»n  of  th 
highly  intense  electricity  of  the  mjichine  with  the  opposite  electricity  p] 
ceeding  from  tbe  latent  electric  fluid  of  the  earth  or  the  air.  Hence  th« 
opposite  reaction  shows  itself  ut  tbe  pirt  of  tbe  j>aper  farthest  from  th 
point  at  which  tlie  electricity  of  tbe  machine  enters.  If  a  thread,  wettt* 
with  solution  of  sulphate  of  soda  and  attached  to  the  conductor,  W  brouirhi 
in  contact  with  turmerio  paper  connected  by  a  wire  with  the  ^ 
under  ground^  tbe  paper  becomes  reddened  by  the  negative  <  ' 
which  flows  from  the  earth  into  the  liquid.  A  similar  etToct  is  pradULcd 
upon  litmus  paper  connected  in  like  nmnner  with  tbe  rubber.  If  a  pi 
of  litmus  paper  and  a  piece  of  turmeric  paper  in  the  form  of  acute  triangl 
be  moistened  with  solution  of  sulphate  of  soda,  laid  together  by  thei; 
shortest  tides,  and  placed  between  conducting  wires  attached  to  tie  eon 
diictor  and  rubber  of  the  machiue^-the  ends  of  the  wires  bein^  about 
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an  incb  distant  from  the  points  olf  the  jtapera — redliieoing  takes  pkce  at 
both  points,  but  disappears  jigain  vv hen  the  point^s  are  turnott  rounds  eo 
m  to  bring  the  turmeric  paper  uppo^site  to  the  positive  conductor.  The 
two  paper  triangles  may  also  he  laid  upon  ^hs»,  aud  coimet'ttd  with  tlie 
two  conductors  by  stringa,  »ix  inches  long,  inoistened  with  eoluiion  of  aal- 
phate  of  4*ofia. — Solutions  of  iodide  of  potassium  and  acetate  of  kad  give 
corresponding  results.  (Faraday.) 

If  the  electricity  from  the  machine  be  cominunicated  throagh  the 
medium  of  a  wet  string  or  a  wire,  or  in  small  sparks,  to  an  electrode 
dipping  into  a  liquitl.~a  solution  of  iodide  of  potassium  mixed  with 
Btarch  is  turned  bine  by  half  a  turn  uf  tlje  ruachine^ — solution  of  auiphate 
of  8oda  retidon^  litmus  and  turmerio  paper  after  two  or  three  tuma — 
bydraehloric  acid  evolves  chlorine — and  sulphate  of  copper  depoaits  cop- 
per on  the  silver  cathode  after  twenty  turns.  (Faraday.) 

Aqueous  sjolution  of  iodide  of  polaseiuio,  contained  in  a  ^rnll  U4ube, 
into  which  are  immersed  platinum  wires  procoediiig  from  tho  conductor 
and  the  rubber,  acquires  a  yellow  colour  in  the  i>o6itivo  arm.  (Henrici 

Fnfu^nct  of  the  Ijitensifi/  of  tht  Current  on  DecompoBition, 

[The  more  readily  the  atoms  of  a  (iquid  aire  transposed — whether  from 
its  peculiar  nature  or  from  the  thinness  of  the  film  of  liquid  betweeu  the 
electrodes,— the  Hmalier  is  the  tension  which  the  electric  current  requires 
in  order  to  penetrate  it,  the  greater  the  quantity  of  electricity  which  (lows 
into  the  lit^uid  from  a  given  sourc-e,  and  the  greater  the  quantity  of 
liquid  decomposed  in  a  given  time.  If,  however,  by  increasing  tho  num- 
ber of  pairs,  or  atherwiee,  the  tension  has  been  raised  to  such  a  degree, 
that  all  the  electricity  evolved  from  the  source  in  a  given  time  is  able  to 
enter  the  liquid-*so  that  the  galvanometer  shows  the  same  deflection  whe- 
ther the  circuit  be  closed  by  a  metallic  conductor  or  by  ali*£uid^-a  further 
rise  of  intensity  does  not  accelerate  the  dectanposition.] 

Aqueous  solution  of  iodide  of  potassium  may  be  decomposed  by  a  cur- 
rent of  the  srnaHest  tension;  next  in  order  of  facility  come  fused  chloride 
of  silver,  fused  j^rotochloride  of  tin,  fused  cbloriile  of  load,  fused  iodide  of 
lead,  water  containing  hydrochloric  acid,  water  containing  eulphurie  acid. 
That  the  chloride  of  leail  is  more  easily  decomposed  than  the  iodide, 
perhaps  arises  from  the  platinum  electrode  having  a  greater  affinity  lur 
clilorine  than  for  iodine,  (Fnraday.) 

If  the  cells  a  and  b  {App.  SO)  contain  dilute  sulphuric  acid  of  1'25 
ep.  gr,,— o,  p,  and  t  being  platinum,  <7  amalgamated  aiuc,  and  h  a  platinum 
Dlate,  on  which  is  laid  a  piece  of  paper  moistened  with  solution  of  iodide 
Df  potassium,  and  having  the  end  of  the  platinum  wire  placed  in  contact 
with  it,— continued  decomposition  of  the  iodide  of  potii«sium  taketi  phice, 
whilst  on  the  two  platinum  plates  immersed  in  b  not  a  single  gas-bubblo 
appears,  even  in  tho  course  of  several  days.  Even  when  the  paper  at  A  is 
removed  and  metallic  contact  establislied,  not  a  particle  of  gas  is  evolved 
in  b;  neither  does  any  evolution  of  gas  ensue,  when  the  cell  b  contains 
aqueous  solution  of  potash  instead  of  sulphuric  acid.  But  when  to  the 
sulphuric  acid  in  a  a  little  nitric  acid  ia  added,  an  evolution  of  gas  takes 
place  on  the  platinum  plate^i  in  the  course  of  twelve  secouils,  because  the 
nitric  acid  increases  the  intensity  of  the  electric  current.  (Faraday.) 
^^        If  two  pieces  of  pa[»er  lying  on  platinum  plates  ai*o   phicea   \u  the 
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solution  of  eommoa  salt,^-ODe  of  the  papers  being  moistened  with  solulioo 
of  iodide  of  potassium,  the  other  with  solution  of  sulphate  of  soda,  and  the 
hitter  pliicetl  between  moistened  litmua  and  turmeric  papers, - — and  the 
circuit  is  closed  hy  a  bent  platinum  wire,  whose  ends  re^t  on  the  two 
paperdf  the  iodide  of  potassium  is  decompo^d^  but  not  the  sulphate  of 
eoda,  not  eren  when  the  iodide  of  potassium  paper  is  removed,  and  metallic 
contact  e§tablt!ihed.  If  one  of  the  platinum  plates  be  replaced  by  a 
capsule,  in  which  nitre  or  chloride  of  lead  is  maintained  in  a  state  of 
fusion — the  zinc  and  platinum  plates  being  immersed  in  dilute  sulphuric 
acid — the  iodide  of  potassium  is  decomposed,  but  not  the  nitre  or  the 
chloride  of  lead:  cliloriJe  of  silver,  on  the  contrary,  is  decomposed  aa 
readily  as  the  iodide  of  potassium.  It  appears  then  that  water,  solution 
of  sulphate  of  soda,  chloride  of  lead,  and  iodide  of  lead,  can  give  passage 
to  currents  of  very  small  intensity  without  being  decomposed.  (Faraday*) 

The  current  from  a  single  pair  does  not  decompose  water,  and  yet 
produces  deflection  of  the  galvanometer.  If  the  current  of  a  ten-jwur 
battery  be  weakened  by  the  interposition  of  a  long  thin  wire,  to  such  a 
degree  that  it  produces  the  same  deflection  as  the  current  of  a  single  pair, 
it  will  behave  towards  water  in  the  same  manner  a£  the  latter.  Hence 
feeble  currents  pass  through  water  without  decomposing  it.  (Jacobi.) 

It  is  true  that  no  gas  is  obtained  when  a  feeble  current  is  conducted 
into  a  watery  liquid  by  means  of  platinum  plates:  nevertheless,  the 
water  is  decomposed — but  so  slowly,  that  the  oxygen  and  hydrogen  gaaes 
liberated  on  *^o  large  a  eurfaee  partly  surround  it  a.**  an  envelope,  and  t%m 
partly  absorbed  by  the  water.  Even  wlieu  two  fine  platinum  wires  are 
used  as  electrodes,  not  a  single  bubble  of  gas  escapes.  But  if  one  elec- 
trode consists  of  a  platinum  jdate,  the  other  of  a  fine  wire  of  the  same 
metal  covered  with  glass  up  to  its  point,  arcordirig  to  Wolla«ton*8  method 
(p,  438),  gas  is  evolved  at  the  point  of  the  wire^thongh  only  for  a  short 
time — when  the  water  ia  subjected  to  the  action  of  a  pair  of  plates  of 
zinc  and  platinum  tu  solution  of  common  salt.  The  evolution  of  gas  is 
renewed,  both  when  the  surface  of  the  larger  electrode  is  increased,  and  like- 
wise when  the  current  is  reversed.  The  gas  appears  at  the  narrow  elec- 
trode, because  the  witlcr  surface  of  the  other  greatly  facilitates  absorption. 
When  the  electrtnles  liave  equal  surfacei't  the  positive  electrode  becomes 
negative,  in  consequence  of  a  film  of  oxygen  attached  to  it — and  the  nega- 
tive electrode  positive,  from  a  film  of  hydrogen;  and  thus  the  primitive 
current  Is  weakened  {vid,  Secondartf  Currents),  so  that  the  water  is  de- 
composed at  the  same  rate  only  as  absorption  goes  on. — Sulphate  of  soda 
may  aUo  be  deconiposod  by  the  current  of  a  pair  of  zinc  and  platinum  in 
solution  of  common  saltj  by  means  of  elcctroiles  of  very  unequal  surface 
like  those  above  described,  (Andrews,  Fogg.  A\,  166.) — Grove  also 
{Pogg.  48,  305)  concludes  from  his  experiments,  that  water  does  not 
conduct  the  electric  current  without  undergoing  decomposition. 

The  current  from  a  single  pair  of  amalgamated  zinc  and  platinum 
plates  in  dilute  Siulphuric  acid,  however  strontr,  though  it  always  decom* 
poses  iodide  of  potassium,  does  not  [visibly  |  decompose  acidulated  water 
or  solution  of  nitrate  of  silver.  The  two  last  mentioned  liquids  are  not 
decomposed  even  when  the  plates  are  immersed  in  dilute  Kulphnric  acid; 
but  when  a  small  quantity  of  nitric  acid  is  added  to  the  liquid  in  tlie 
exciting  cell,  decomposition  takes  place.  But  the  current  of  a  pair  of 
nine  and  cojiper,  having  the  surface  of  a  square  metre  and  immersed  in 
dilute  sulphuric  acid,  without  any  nitric  acid,  likewise  decomposes  nitrat 
of  silver, — l>ecau&e  this  largo  pair  develops  a  greater  quantity  of  electric 
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city*  Hence  decomposition  depends  only  on  the  quantity  of  electricity, 
(Mattcucci.)  [That  however  the  int^osity  of  the  current  exerts  great 
influence,  is  evident  from  the  fact  that  combination  of  a  nuniher  of  pairs 
of  plates  however  small  will  decompose  any  electrolyte  whatever,] 

If  the  electrodes,  dipping  into  acidnluted  water,  consist  of  one  of  the 
more  oxidable  metals  instead  of  platinum  [in  which  case  the  affinity  of 
those  metals  for  oxygon  will  favour  the  decomposition]  then,  according  to 
Henrici,  the  current  of  a  single  pair  consisting  of  zinc,  dilate  snlphunc 
acid,  eulplmto  of  copper,  and  copper,  will  decompose  water  and  evolve 
hydrogen  gas,  the  dejlection  of  the  galvanometer  increasing  a^  foUowe,  with 
the  quantity  of  gas  obtained  in  an  hour: 

Platinum.  Silver,  Copper.  Brasfl. 

Cub.  ccntim.  Hydrogen  j^M       0  0*3  12  19 

Sine  of  angle  of  deflection        0^  I '      0*  6'       0'  8'     O''  18' 

Some  decomposition  of  water  is  doubtless  effected  with  platinum 
electrodes,  but  as  the  oxygen  evolved  does  not  combine  with  the  platinum 
the  Jiction  is  retarded.   (Henrici.) 

To  tbis  head  likewise  belong  the  experiments  mentioned,  pp.  403    -408. 

Themio-eleetric  currents,  weak  both  in  quantity  and  intensity,  decom- 
pose nitrate  of  silver,  when  the  electrodes  consist  of  platinum, — but  not 
salts  of  copper,  lead,  tin,  or  zinc ;  in  these  also  electrodes  of  gold  or  silver 
produce  no  effect.  But  when  the  electrodes  consist  of  the  same  metal  as 
that  in  the  solution,  decomposition  is  easily  eifected^ — e.g.  nitrate  of  silver 
with  silver  electrodes,  sulphate  of  copper  with  copper,  protochloride  of  tin 
with  tin,  acetate  of  lead  with  leaden  electrodes.  Platinum  wires  in 
solutions  of  platinum  produce  no  effect.  A  thermo-electric  current  is 
best  conductc<l  into  a  solution  of  common  salt  by  means  of  wires  of  ztnc, 
tin  J  lead,  or  iron, — less  readily  by  copper,  with  difficulty  by  silverj  and  not 
at  all  by  platinum.  Similar  to  the  action  of  the  thermo-electric  current 
is  that  of  the  very  feeble  current  obained  wben  the  vessel  a  (App.  2) 
contains  j>otash,  h  nitric  acid,  and  the  asbestus  fibres  A  solution  of  common 
salt — platinum  wires  dipping  into  a  and  h,  and  being  connected  with  wires 
of  the  metals  above  mentioned.  (BecfiuereL)  [In  this  case,  the  olectrieity 
ha«  no  affinity  to  overcome— because,  for  every  portion  of  metal  separated 
at  tlio  cathoile,  an  ecjoal  portion  combines  with  oxygen  and  at^id  at  the 
anode,  s<»  that  tlae  electricity  has  only  to  transpose  the  atoms] 

The  following  experiments  were  made  to  determine  the  proportion  in 
w^hich  the  decomposition  of  fliflerent  liquids, — and  therefore  also  the 
quantity  of  the  current,  increases  with  the  number  of  pairs: 

In  A  a  pile  was  constnicted  of  zinc  and  copper  ivith  solution  of  sal- 
ammoniac,  in  B  with  water  containing  nitro-sulphuric  acid,  and  in  C  with 
spring-water;  in  D  a  battery  of  arinc  and  platinum  in  dilute  sulphuric 
acid  was  employed. — ^The  liquid  in  the  decomposing  cell  was  water  =  Aq  , 
or  a  solution  of  I,  4,  8,  or  10  parts  of  sal-anunoniac  in  100  part8  of  water 
^  Sm  1,  Sm  4,  Sm  8,  Sm  10;  or  satiiratetl solution  of  sal-ammoniac  =:Sm  g; 
or  dilute  sulphuric  acid  =  S  f ;  or  a  solution  of  1  part  of  sulphate  of  zinc 
(zinc-vitriol)  in  100  parts  of  water  =  Z  V ;  or  solultou  of  iodide  of  potaa- 
sium  =  I  K. — PZ  denotes  the  number  of  pairs  employed. — The  degrees 
under  A,  B,  C  give  the  deflection  of  the  galvanometer;  the  numbers  under 
D  denote  the  relative  qnantity  of  hydrogen  gas  CTolved  from  the  solution 
of  iodide  of  potassiom.  (Matteucci.) 
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In  tbe  folk  wing  oxperimeots  of  Jaoabi  and  Walker,  DaaieU'a  ooBitant 
bftttery  waA  uaed.  Tne  quaoiity  of  deWDaliDg  ga^  develop^  m  tkt 
do«oiiipo8ing  cell  in  a  given  time,  according  aa  a  greater  or  kes  number  of 
platen  were  connected  together,  was  detennined  in  maaaurog^  In  Ja«obt*$ 
experiments  and  in  tho»e  of  Walker,  given  under  a  and  ^  tbe  deoamtioiring 
oell  cotUiiined  water  a^^iduUted  with  sulphuric  aeid;  iu  c  it  ootiiMll^d  dia- 
tilled  water. 
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Injluence  of  the  Chemical  Naiur€  of  the  Elt^ro^^^  on  its  Ikeom position. 

The  [apparent]  conducting  power  of  liquids  for  electricity — i\e,  their 
susceptibility  of  dec om position  by  the  electric  current — is  usually  deter- 
in  i  nod  by  placing  tlicm,  together  with  a  galvanometer,  in  an  electrie 
current  of  constant  tension,  anrl  determining  by  how  inucb  the  quantity  of 
tbe  current  (the  deflection  of  the  galvanometer)  is  diminished  by  tbe 
interposition  of  the  liquid.  The  wires  or  plates  immerrfcd  in  the  liquid 
must  be  at  the  same  distance  from  one  another  iu  all  cases.  The  differencee 
of  conducting  power  appear  to  be  so  much  tbe  greater,  as  the  tension  of 
tbe  current  is  less,  and  becoiiic  less  perceptible  as  tite  tension  increaeea. 

The  f<mall  con  duet  trig  power  of  pure  water  is  considerably  iacreased 
by  the  solution  of  other  fiubattiuces  iu  it  (p,  31 1,  6). 

The  (very  weak)  thermo-e  lee  trie  current  of  a  single  pair  of  bismuth 
and  antimony  is  very  easily  conducted  by  the  aqueous  solution  of  yellow 
Bulphuret  of* potassium,  by  a  mixture  of  hyrjonitric  acid  with  an  eqaal 
quantity  of  water,  by  red  fuming  nitric  acid,  and  by  a  mixture  of  one 
measure  of  oil  of  vitriol  with  two  measures  of  strong  solution  of  liulphato 
of  copper;  it  is  also  conducted  tolerably  well  by  yellow  nitric  acid,  and  by 
a  mixture  of  two  measures  of  oil  of  vUriol  anil  one  measure  of  wateri^- 
slightly  by  nitric  acid  freed  by  boiling  from  hyponitric  acid,  and  by  oil 
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of  vitriol ; — very  sliphtly  bj  solytlon  of  potaeh,  and  not  at  all  hj  anhy- 
droua  b>ponitr*c  acitt,  (t'araday,) 

The  conducting  power  of  platinum  is  2546680  tinaos  js^eater  than  that 
of  a  saturated  soluticm  of  Hulpliiite  of  copper.  Assuming  tlie  latter  =  1, 
that  of  li  mixture  of  I  mefiiiuro  of  solution  with  X  measure  of  water  := 
0'64,  with  2  measures  of  water  =  0*44,  with  4  measurea  of  water  ^^  0'31; 
that  of  a  saturated  soktion  of  sulphate  of  zinc  —  0'417;  that  of  a  miJtture 
of  water  with  A^ibb  nitric  acid  ^  0"015:  and  that  of  pure  water  00025. 
(Pouillet.) 

The  current  of  a  40-pair  battery  passed  through  pure  water  gives  only 
^  na  much  detonatiug  gas  in  a  given  time,  as  wlien  the  decomposing  cell 
contains  dilute  !=Eul[>huric  acid.  (Faraday.) — -Water  becomes  much  more 
easily  ilecoiiipoi-iblc  when  mixed  with  sulphuric  acid  than  when  saturated 
with  common  salt,   (Hennci.) 

The  current  of  a  pair  of  zinc  and  copper  plateain  saturated  solution  of 
common  salt,  conducted  by  means  of  two  gilt  brass  platoe  into  the  under- 
mentioned li<|uid.^  (ail  the  solutions  are  saturated)  produces  the  following 
deflections  of  an  interposed  galvanometer:  Pare  water,  ^^;  acetate  of  lead, 
3,.i4°;  Bulphate  of  potash  or  soda,  nitre,  chloride  of  ealcium,  or  chloride 
of  lead,  5  ;  chlorate  of  potash,  7  J  borax,  chloride  of  mangjinese,  tartrate  of 
potasht  tartar  emetic,  acetate  of  soda,  or  bcnzoate  of  potash*  1 0^;  carbonate 
of  potash  or  soda,  11  ;  green  vitriol,  nitrate  of  lead,  or  acetate  of  potash, 
12';  oxalate  of  potash,  13  ;  aqueous  ammonia  of  sp.  gr  O'OSO,  or  tartaric 
acid,  15  ;  protochloride  of  tin,  10..  .20'';  alum  or  sulphate  of  copper,  20"; 
sulphate  of  ziuc,  22  ;  dihjte  phosphoric  acid,  23  ;  strong  vinegar,  25"^; 
mixture  of  1  part  oil  of  vitriol  and  4  parts  water,  28^;  nitrate  of  mercury, 
SO^^j  English  oil  of  vitriol,  30.,.32  ;  nitrate  of  silver  (solution  not  «juito 
saturated),  35";  dilute  nitric  acid,  sal-ammoniac,  or  sesqui-cbloride  of  iron, 
42';  bichloride  of  platinum^  45^;  dilute  hydrochloric  acid,  50^ — When  a 
large  pair  of  zinc  and  copper  platei  is  excited  by  solution  of  common 
salt,  the  deflections  are  stronger,  but  the  differenisefl  with  respect  to  tho 
various  liquids  smaller.  (Pfafl*,  SchnK  55,  258.) 

The  current  of  the  same  battery  passed  through  various  acida  of 
different  degrees  of  concentration,  produces,  according  to  Watteucci,  the 
following  deflections ; 

Sp.  Gr, 

Sulphuric  odd   I  -850 

Nitric  acid M80 

Hydrochloric  ftcid*    ..      1*260 

If  the  deflection  produced  by  1  part  of  sal-ammoniac  in  100  parts 
of  water  amounts  to  12  ,  it  will  be  22  with  2  parts  of  sal-ammoniac,  26"* 
w^ith  3  parts,  and  27'  with  4  parts. — ^If  1  part  of  sulphate  of  einc  in  100 
of  water  gives  T  deflection,  2  parta  of  the  same  salt  will  give,  5", — 3  parts, 
6*5", — 4  parts,  8  , — 5  part^  13  , — 6  parts,  17V—7  parts,  23',— and  8  parts, 
24^  If  a  solution  of  1  part  of  sal-ammoniac  in  100  water  gives  a  de- 
flection of  12  ,  and  a  solution  of  1  part  of  nitre  iu  100  winter,  a  deflection 
of  8^  a  solution  of  sal-ammoniac  and  1  nitre  in  lUO  water,  will  produce  a 
deflection  of  12°  +  8""  =.  20^.  The  same  simple  addition  takes  place  with 
other   aqueous  and  alcoholic   solutious.      Hence,  when   1    part   of  sal- 

*  Since  hydrochloric  acid  never  has  the  sp.  gr.  1'26,  it  U  probable  thftt  th«  numberi 
amiexad  to  hydrochloric  acid  really  belong  to  attric  add,  and  vitt  vend.  (Vid,  AiMf 
CMim,  Ph^9,  m,  243/) 


Galv. 

Sp.  Gr. 

Galv. 

Sp.  Gr. 

Gnlt. 

35^ 

r022 

3€** 

1*010 

36" 

57 

1029 

47 

1015 

37 

58 

1027 

50 

10 15 

5- 

ib^^v^  iKT  lift:  «nittusf!ruiie:  i%w»5r  it  ^at  -stmru^'-e  ^  fss      Cit  aiiMP^iieiit 

■^u^Jv  t  aa»i  arrumn^rt  i^  ftscnzs:  Xbu-btc. — ix  &  ai'iyg  vuhnne  of 
i»^>3r  ri^j^f^wf.  iXL  Hira  a  daoKfj^;:  ta^  ndroHnxn  if  hsk  k^  mnwrw^ 
^Jvu^       ^  tiiiflTA  tftinmtr-*^  wr#t  ft  Mr  «  i^n#*  iiugiL  if  IT^  i^  iBfScs^ed  io 

Ua  4a^:«;.  »*  «4wrj5v&tu  lj»t.  ja  l^-'*  "Tift  K^uirxniir  if  Jiefi  i*  tbe 
««^>^*y*  ^iA^.«vt#t  fCvAoAtr  Lh*ciae»  -a**  i^»iu*?f   if  ijcrr^jrx  r»F  v^3c^ 

^HUi  »A  Ut*c  ii/^tti4. — ti^  h^sU  tik^a  vrtl'js;  bj  Be<;kui3c&l  arit&tMa  mad 

wUUii  Usivtc  l^jeu  *:zrr'i^\  tz/waLrd*  it :  b^t2<?e  tbe  deilectioii  b  likewise 
\mfki4JtM^i  hy  *iAkif}^  tb^?  tu^ipuire  el«trode.  (Vorscehnan  de  Herr,  i*<wy. 

'i'i4M  iU$fJHn\tftu\iVtn  tA  wzUtr  ^ftet  on  in  a  sealed  glass  tabe  containing 
Mr^  ^fUuiimut  wirtm,  tsscu  wben  the  wat^r  im  subjected  by  the  accnmnlated 
AttUfli^^^i^il,  IffiM  io  a  i^recAure  of  iflcveo  atmospheres,  the  deflection  of  tbe 
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galvancimeter  even  increaslug  a  little  untler  these  cireumsUuces.  (JacobL) 
Tim  development  of  gas  still  goes  on  when  the  water  is  subjected  to  a 
pressure  of  1 50  atmospheree,  till  at  length  the  tuhe  bursts,  (Degea,  Fogg* 
38,  454.) 

Ififiuence  of  the  Relative  Volume  of  the  Electrolyte  on  Dtcompmtifm, 

When  the  current  from  two  vnura  of  zinc  and  platinum  excited  by 
dilute  sulphuric  acitl,  is  conducted  by  means  of  two  platinnm  plates  into 
dilute  sulphuric  acid,  the  strength  of  the  current  is  the  same,  whether  the 
platinum  platoi^  are  at  tlie  distance  of  six  inches  from  one  another  or  se- 
parated only  by  the  thickness  of  a  sheet  of  paper.  (Faraday.)  [With 
pure  water,  a  greater  diffcreuce  would  probably  be  found.] 

The  thinner  the  film  of  liquid  which  the  current  bus  to  traverse,  the 
greater  is  tlie  deflection  produced.  The  increase  of  deflection  cansed  by 
diminishing  the  thick uess  of  the  liquid,  is  the  more  considerable  as  the 
conducting  power  of  the  liquid  is  less  ft.  e.  as  the  resistance  to  the  trans- 
pcpsition  of  atoms  is  greater].  When,  however,  by  enlarging  the  platinum 
plates,  the  current  has  been  mised  to  its  maximum,  the  deflection  is  no 
longer  increased  by  bringing  the  electrodes  nearer  together,     (Matteuccir) 

The  ditftanee  hctweeu  the  electrodes  remaining  the  same,  the  deflec- 
tion is  augmented  up  t«  a  certain  point  by  increasing  the  height  and 
breadth  of  the  liquid;  but  when  the  increase  iu  dimension  is  carried 
further,  the  deflection  diminishes.  The  deflection  is  stronger  when  the 
positive  electricity  enters  by  the  narrower  part  of  the  liquid^  and  the 
negative  by  the  wider,  than  in  the  contrary  case.  (Matteucci.) 

Iniuenx:^  of  ilie  Cliemical  Nature  of  the  Electrodes  on  Decompo^tion. 

The  greater  the  tendency  of  the  electrodes  to  combine  with  those 
elements  of  tlie  liquid  which  are  set  free  upon  them,  the  more  easily  does 
the  *lecouipo.Hition  takes  place. 

If  the  quantity  of  electricity  in  the  current  of  a  single  pair  of  zinc  and 
copper  plates  in  dilute  snlphiiric  acid  be  equal  to  1000  when  the  circuit  is 
closed  by  good  metallic  conductors,  it  will  amount  to  the  following  quan* 
titles  when  the  current  is  conducted  by  the  under-mentioned  electrodes 
into  the  following  liquids:  zinc  plutes  in  water,  08;  in  fuming  oil  of 
vitriol,  64'7;  in  a  mixture  of  1  part  of  sulphuric  acid  and  3  parts  water, 
85' 1; — platinum  electr(»des  in  hydrochloric  aeidj  2G;  in  nitric  acid,  17*7; 
in  aqua  regiat  338'3,  Hence  it  appears  that  those  liquids  which  do  not  act 
chemically  on  the  electrodes  oiier  the  greatest  resistance,   (Fechner.) 

If  the  cups  cr,  b  {^^PP-  2),  contain  dilute  sulphuric  acid,  o  consisting  of 
zinc,  f>  of  copper,  and  (^hi  of  one  of  the  following  metals^  no  hydrogen 
gas  is  evolved  at  the  end  p  when  tjh  i  consists  of  platinum,  and  only  a 
trace  when  it  is  formed  of  gold;  next  follows  silver,  then  copper,  then 
tin^  then  iron,  and  lastly  zinc,  which  yields  most  of  all.  If,  ho\\ever,  the 
two  cups  contain  ammonia,  the  deflection  is  stronger  when  ghi  consists  of 
copper  than  when  it  is  formed  of  iron.   (De  la  Rive.) 

When  the  positive  electricity  of  a  pair  of  zinc  and  platinum  is  con- 
ducted by  zinc  into  dilute  sulphuric  acid,  the  quantity  of  the  current  is 
the  same' as  when  the  circuit  \s  metallically  closed  without  the  iuterposi- 
tion  of  a  liquid,  (Faraday:  vid.  441,) 
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Infiumet  of  the  Surface  of  the  Electrode  upon  Decomptmiian. 

Electrodes  of  email  surface  evolve  as  much  detonating  gas  from  ftcida- 
lated  water  in  a  given  time  as  those  of  a  larger  surface.  (Faradajr.) 
When,  however,  the  current  is  ^troDg,  the  dcconipoaition  dimini^lieft  tf 
the  electrode  he  too  small  to  allow  free  passage  to  the  current;  thus,  a 
Daniel Ts  Imttery  of  ten  pairs  yields  2-7  cubic  inches  of  detonating  gw, 
whether  the  electrodes  are  formed  of  hroad  plates  of  platinum,  or  of  wires; 
hut  if  the  latter  are  covered  with  resin  to  within  a  quarter  of  an  inch  of  u 
their  points,  the  quantity  of  gas  per  minute  is  redoced  to  2*3  euK  in.;  M 
and  when  they  are  coated  up  to  their  points,  it  is  only  0*8  cuh.  in.:  in  m 
this  last  case,  the  gas  \s  driven  into  the  liquid  with  some  force,  (DanicU,) 
— With  currentfl  of  ?niall  quantity,  on  the  contrary,  the  decomposition  i^ 
increased  by  diminip'hinp'  the  she  of  the  electrodes,  and  thereby  concen- 
trating the  current.  (Wollaston,  Matteucci.)  The  deflection  is  likewifla 
stronger  when  the  positive  electricity  enters  by  a  narrower,  and  the  oega- 
tiv©  electricity  by  a  wider  electrode,  than  in  the  contrary  case  [becanac  a 
greater  quantity  of  gas  is  evolved  at  the  negative  electrode].  (Mattencci.) 

Decomposition  of  Individual  Compounds. 

Nicholson  and   Carl  rale  discovered  the  decomposition  of  water,  Hi- 
singer  &  Berzelius  that  of  salts^  Sir  H.  Davy  that  of  the  alkalis. 


Wat^n 


The  electric  current  acta  more  readily  on  water  contained  in  a  bundle 
of  asbestus  fibres  than  mi  a  column  of  that  liquid  of  equal  length  and 
thickness  in  a  U-tubc.   (H.  Davy, J 

Many  substances  which  arc  8oluble  in  water  favour  its  decomposition 
(p.  443)i  but  with  a  powerful  battery,  the  P.ame  quantity  of  detonating 
gas  is  obtained  in  a  given  time,  whether  the  water  is  uiixeil  with  a  largo 
or  a  small  qiiautity  (»f  sulphuric  acid,  or  Iwhh  in  solution,  potash^  soda« 
carbonate  of  potash,  sulphate  of  ainmouia  with  excess  of  auimonia,  or  sul- 
phate of  soda.  Dilute  FulpLuric  acid  of  i^p.  gr.  from  1  *2o  to  }'!iSG  is  best 
adapted  for  the  purpose.  Acid  of  1'495  sp.  gr.  yields  a  somewhat  greater 
quantity  of  gas,  because  it  retains  less  oxygen  gas  in  solution.  With 
acid  of  still  greater  strength,  e,  </.  2  measures  of  oil  of  vitriol  to  1  mea- 
sure of  water,  only  0'57  v^^lumo  of  oxygen  gas  is  obtained  for  every  2 
volumes  of  hydrogen, — possibly  because  the  predi«?posing  affinity  of  i 
sulphuric  acid  favours  the  production  of  peroxide  of  hyilrogen.  (Faraday*! 
Council  likewise  obtained  with  these  dilferent  solutions*  and  also  wi' 
that  of  bciracic  acid,  constantly  the  same  quantity  of  detonating  gas, 

Wbcu  water  is  divided  by  a  membrane  into  two  portions*  and  one  of 
the  electrodes  of  a  powerful  battery  iuiracr:?ed  in  each  of  them,  the  water 
rises  in  the  negative  and  sinks  in  the  positive  diviwion.  (Porret.) — Thb 
effect  is  exhibited  by  distilled  water  antl  rain-water,  which  are  bad  con* 
ductors,  but  not  by  saline  solutious, — ^and  is  due  to  the  resistance  which 
the  water  opposes  to  the  pa^^age  of  positive  electricity.  (De  la  Rive.) — 
On  the  contrary:  This  effect  is  seen  only  in  water  which  holds  in  solu- 
tion some  salt,  by  the  decomposition  of  which,  alkali  collects  in  the  nega- 
tive and  acid  iu  the  positive  division^  and  the  rise  of  the  water  is  not  a 
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direct  conseqaence  of  tbe  action  of  tlie  electric  cnrrtut,  but  it  produced 

by  endosmose.    (Dutrocliet,  Pogg.  28,  36]  conip.  Schweigger,  Sdm,  1^, 
383.) 

Water  not  freed  from  atmospheric  air  yields,  in  ooneeqtience  of  the 
nitrogen  which  it  contains,  nitric  acid  in  the  positive  gold  eup,  and  am- 
monia in  the  negative  gold  cnp  connected  with  the  former  by  nican^  of 
ashes tuB, — the  nitrogen  combining  with  oxygen  at  the  anode  and  with 
hydrogen  at  the  catbode;  tlie  quantity  of  the  nitric  acid  continually  in- 
creases, but  that  of  the  ammonia  soon  i-eachee  a  maximum.  If  the 
receiver  under  which  the  gold  cups  are  placed  he  exhaus'ted  of  air,  then 
filled  with  hydrogen^  and  again  exhausted^  neither  acid  nor  ammonia 
appears  in  the  water*  (H,  Davy.) 

When  platiuum  electrodes  are  nseil,  somewhat  less  than  one  mensnre 
of  oxygen  gas  is  obtaiueft  for  every  two  meaeurea  of  hydrogen;  for  the 
former  is  more  readily  absorbed  by  water,— partly  because  it  is  evolved  in 
smaller  bubbles,  partly  because  water  is  eBsentiaily  ca|>able  of  absorbing 
oxygen  gas  in  greater  qnuntity  than  liydrogen;  perhaps  also  a  small 
quantity  of  peroxide  of  hydrogen  is  formed  at  the  anode.  The  detonat- 
ing gas  likewise  contains  nitrogen,  which  was  previously  dirfsolved  in  the 
water.  {Faraday,) — Just  at  the  commencement  of  the  decomposition,  the 
detonating  gas  contains  leas  than  its  normal  quantity  of  oxygen,  because 
the  positive  platinum  wire  oxidates  on  the  surface:  the  latter  portions  of 
detonating  g«e  contain  almost  exactly  the  proper  quantity  of  oxygen.  If 
both  the  platinum  plates  have  been  previously  cleansed  \\>y  rubbing  them 
while  hot  with  hydrate  of  potash,  dipping  them  in  oil  of  vitriol,  and 
washing  with  water  out  of  contact  of  air),  the  nejijative  plate  immediately 
OYolres  ga^,  the  positive  plate  not  till  after  some  few  seconds,  becauso  the 
fint  portions  of  oxygen  are  retained  by  the  platinum:  if^  on  the  other 
llftnd,  the  platinum  plates  have  been  exposed  to  the  air  for  some  time,  gas 
is  immediately  disengaged  on  the  positive  plate,  but  often  not  till  after 
twenty  seconds  on  the  negative  phito, — becansethe  first  portions  of  hydro- 
gen set  free  have  to  reduce  the  oxide  of  platinum.  (I>e  la  Rive.) 

Clean  platinum  wire  used  in  rapid  alternation  as  positive  and  nega« 
tive  electrocie  becoint\s  covered  with  a  black  powiler,  consisting  of  finely 
divided  metallic  platinum;  for  the  metal,  in  con  doc  ting  positive  elec- 
tricity, takes  up  a  trace  of  the  liberated  oxygen  and  forms  an  oxide, 
which,  when  afterwardi^  nsed  a.s  a  catKudOj  is  reduced  by  the  hydrogen  to 
the  state  of  finely  divided  platinum.^ — If  the  etectrode  a  consists  of  a  thin 
platinum  wire,  and  the  electrode  h  of  a  broad  plate  of  tho  same  metal, 
the  volumes  of  oxy^'cn  and  hydrogen  gas  evolved  from  water  acidulated 
with  sulphuric  acid  are  in  tlie  exact  pr^jportion  of  1  :  2,  when  a  is  used 
as  tho  anode. — because  the  small  surface  of  the  wire  can  take  up  but  a 
tricing  quantity  of  oxygen;  but  when  h  is  used  as  anode,  the  quantity  of 
oxygen  is  deficient;  and  if  6  be  then  put  in  tbe  place  of  the  cathode*  the 
quantity  of  hydrogen  appears  deficient,  because  a  portion  of  that  element 
is  cmployefl  in  reducing  the  oxide  previously  formed  on  h.  H<»nce,  when 
phttnum  which  has  been  used  as  anoxic  is  afterwards  made  to  conduct 
ncirfitive  electricity,  some  seconds  elapse  befure  hyflrogen  gas  appears  on 
its  surfiice,  because  the  first  portiouF?  enter  into  combination  with  the 
oxygen  of  the  oxide  of  platinum.  This  power  possessed  by  platinum  of 
fixing  oxygen  on  its  surface  ex  phi  ins  the  fact  announced  by  Pec  let,  viz. 
that  platinum  may  be  jwsitivo  with  regard  to  gold.  Gold  wiro  used  as 
thd  anode  in  dilute  sulphuric  acid  acquires  a  reddish  tinge  from  oxidation, 
•—and,  when  tbe  poles  are  changed,  becomes  pulverulent  on  the  aurfiwsej  ia 
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conaequeDce  of  reduction  of  the  gold  prerioiulY  onidiied^  (Be  1&  Rtre, 
Pogg.  46,  489;  and  more  fully  in  Pogg,  54,  378>J 

To  iubject  a  liquid  to  the  action  of  rapid! 7  altemmtmg  emrenta, 
Clarke  a  magneto-electric  apparatus  may  be  used  (or  Daaiell^s  coiuitaai 
battery  with  a  Conimuiator),  To  determine  the  qnaotity  ufthe  current^ 
a  Breguet's  thormotncter  may  be  interuosed  in  the  circuit.  The  le«s  the 
current  is  retarded  by  the  liquid  and  electrodes^  the  higher  will  be  the 
tern  pe  rat  are,  =  T,  The  liqaidi*  experimented  upon  are:  1  measare  of  oil 
()f  vitriol  to  9  measures  of  water  =  V^  and  1  meo^are  of  conceolztied 
nitric  acid  to  9  measures  of  water  r^  N.  The  quantity  of  mixed  hjiini* 
gen  and  oxygen  gai^es  evolved  in  the  constant  Interval  of  fire  minutes  =^G» 
The  residue  obtained  after  the  tiuccessive  detonation  of  all  the  several 
quantities  of  ga«  =  R.     The  rosnltjs  are  as  follows: 

Two  platinum  wires  in  N  give,  at  the  beginning,  1*5  cub.  in.  G  (in  5 
minutes),  T  =  2U';  after  20  niinutes,  0*7  cab.  in.  G  (in  5  minutes); 
T  =:  33'';  after  40  minutes,  only  0*05  cub.  in.  G,  and  soon  afterwanky  dl 
evolution  of  gris  ceases;  T  ^^  35',  Tbe  wires  become  completely  covered 
with  black  powder,  euuaisting  of  finely  divided  platinum.  The  whole 
quantity  of  giis  obtained  amounts  to  7  cubic  inches;  and  after  explosion  there 
reuiaina  0*6^  cub,  in.  R,  which  is  a  mixture  of  oxygen  and  nitrogen:  the 
Ifttter  probably  arises  from  air  contained  in  the  water, ^ — the  former  from 
the  nitric  acid  having  exerted  a  alight  oxidating  action  on  the  platinum, 
and  hydrogen  having  been  expended  in  the  reduction  of  the  oxide  thiu 
formed. 

Platinum  wires  in  V:  In  the  first  5  minute?,  1*4  cub*  in,  G;  after  40 
minutes,  0*5;  T  =:  aO"".  After  explosion,  there  remains  0*3  cub,  in.  R, 
consisting  of  0*15  cub.  in.  of  bydrogcn  gas  and  0'K3  cub,  in,  of  nitrogen. 
The  excess  of  hydrogen  is  due  to  the  oxidation  of  tlie  platinum. 

Gold  wires  in  N:  In  the  fir^t  5  minutes^  1  5  cub.  iu.  G;  T  :=  21;  after 
40  minutetJ,  O'J)  cub.  in.  G;  T  =  27  ,  When  the  experiment  is  continued 
for  a  longer  time,  the  evolution  of  gas  no  longer  ifiniinishes,  and  T  na 
longer  increases,  R  amounts  to  0'4  cubic  iucbes,  consisting  of  0*2  oxygen 
gag  and  0  2  nitrogen;  when  the  experiment  is  continued,  R  does  not  in- 
crease any  further. 

Gold  wires  in  V:  At  first,  M  cub.  in.  G;  after  40  minutes;  almost  0 
G;  T  =  44'';  0  22  cub.  in.  R  consisting  of  01 6  hydrogen  and  0'06  ni- 
trogen. 

Silver  wires  in  V  give  no  perceptible  evolution  of  gas;  T  =  50**. 
Copper  wires  iu  V  evolve  gas  at  intervals,  and  generally  in  very 
small  quantity,  probably  nothing  but  hydrogen;  T  varies  from  43'  to 
46°,  according  a*i  more  or  less  gas  is  evolved.  The  wires  oxidate  slightly^ 
and  acquire  a  pulverulent  surface,  while  a  portion  of  oxide  of  copper 
disaolvea  in  the  acid.  Gold  and  silver  wires  likewise  acquire  pulverulent 
surfiicca. 

Lead  wires  in  V:  In  the  first  five  minutes;  0'5  cub.  in,  hydrogen  gas, 
T  varying  from  5  to  6^  The  liquid  is  rendered  turbid  by  a  white  pow- 
der [sulphate  of  lead  \\  with  which  also  the  anode  becomes  covered  and 
consequently  isolated;  hence  the  small  rise  of  temperature. 

Iron  wires  which  evolve  0^35  hydrogen  gas  from  V  without  the  aid  of 
electricity,  give  in  tlie  electrie  current  10  cub,  in.;  T  =  33 \ 

Cadmium  wires  in  V  give  scarcely  any  gas  without  the  aid  of  the 
current,  and  no  more  when  placed  in  the  current. 

Zinc  wires  give  about  the  same  quantity  of  goa  with  and  without  the 
current. 
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The  smaller,  tUerefore,  tbe  eTolutimi  of  ^as,  and  the  more  tlie  passage 
of  the  curreTit  is  faeilitateil  by  oxiclatHvn  ami  tleoxiiJation,  the  higher  ia 
the  temperattire  produced,  aud  the  grcateri  therefore,  the  qaantity  of 
electricity  which  parses  through.  The  higher  the  leuii^erature  ahowu  by 
the  Breguet's  thermometer,  the  colder  doca  the  liqind  remain.  (Be  la 
Rive,  Pogff.  54,  4 97.) 

[When  once  a  ^MlHtient  fjuautity  of  finely  divided  platinum  ha«  been 
formedj  the  evtdution  of  pis  ceasei^t  because  the  platinum  in  this  state 
readily  takes  up  the  oxygen  separated  from  the  water  hy  the  action  of 
the  etirrentj=-and  while  eue  wire  is  oxidized  in  this  manner,  the  other  is 
deoxidizefl  by  the  hydrogen:  the  opposite  current  which  immediateiy 
piicceeds,  rever=*es  the  process— and  so  on>  The  current  has  now  no  further 
decomposition  to  effect,  which  ia  not  immediately  compeusated  hy  the 
formation  of  a  new  compound,  and  therefore  its  whole  force  m  expended 
in  transposing^  the  atoms.  Hence,  as  the  evolution  of  gas  diminishes,  the 
current  increase-;?  in  quaatity,  and  heat^  Breguet's  thermometer  more 
strongly;  and  as  the  decomposition  of  the  water  ceases,  the  rise  of  tem- 
perature in  the  liquid  which  accompanies  this  decomposition,  ceases  also. 
The  case  is  similar  with  the  other  me  tills.] 

Charcoal  used  as  the  anode  in  the  decomposition  of  water  acklnlated 
with  .stilphoric  aeidj  evolves  carbonic  acid  and  carbonic  oxide  gases. 
(Faraday,) 

Antnnonj  used  as  an  anode  in  water,  becomes  covered  with  suboxide. 

When  mercury  is  placed  under  water  acidulated  with  sulphuric  aciil, 
and  the  platinum  cathode  dipped  into  the  mercury,  while  the  anode  i« 
immersed  in  the  water,  the  negative  w^re  becomes  quickly  amalgamated; 
and  the  mercury,  which  has  thus  been  made  to  act  for  a  time  aa  the 
cathode,  has  the  power,  when  taken  out  of  the  circuity  of  quickly  amalga- 
mating wires  of  platiuuai,  iron,  or  stecU  This  eilect  is  due  to  a  trace  of 
an  alkali-metal  [or  hydrogen]  which  the  mercury  baa  taken  up  by  elec- 
trolytic action.  (Grove.) 

Tellurium  acting  as  catb^nle  in  water  generates  telluretted  hydrogen, 
which  dif*solves  and  is  again  decomposed  by  the  oxygen  separated  at  the 
anode,  the  tellurium  bettig  precipitated  in  brown  tlakes;  heuce  the 
f|uantity  of  oxygen  evolved  is  but  smalL  (Magnus.)— When  sulphur  or 
selenium  is  attached  to  the  platinum  cathode,  a  yellow  precipitate  of  sul- 
phur or  a  red  precipitate  of  selenium  is  obtained,  sulphuretted  or  sele- 
niuretted  hydrogen  being  first  formed  and  then  decomposed  by  tbe 
oxygen,  which  wouhl  otherwise  escape  at  the  anode.  (Magnui?,  Pogg*  17, 
521-) — ^Antimony  acting  in  water  as  cathode,  is  said  by  Eiibland  to  yield 
a  brown-black  compound  of  antimony  and  hydrogen. 

Devdopment  of  an  Odo7'otis  Euhdance  in  tJie  Decomposition  of  Wai^r^ 

The  decern po-Hit ion  of  water  is  attended  with  the  production  of  a  pecu* 
liar  odour,  which  is  confined  to  the  positive  electrode,  so  that  when  the 
hydrogen  and  oxygen  g.ises  are  collected  in  separate  vessels,  the  latter 
only  is  affected  with  the  od^>ur.  The  odorous  principle  is  developed  only 
when  gold  or  platinum  is  used  as  the  anode;  not  with  oxidable  metals  or 
charcoal.  The  odour  is  perceived  when  tfie  water  holds  in  solution,  phos- 
phor ic  acid,  sulphuric  acid,  nitric  acid,  nitre,  phosphate  of  potash,  or 
sulphate  of  soda;  not  when  it  contains  hyponitric  acid,  hydrochloric  acid, 
hydrobromic  acid,  metallic  iodides,  bromides,  or  chlorides,  or  protosul- 
phate  of  iron;  jt  is  only  occasionally  observed  in   aqueous  solution  of 
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anum  ioes  aoi  :3erorae  negriGve  wben  the  point  of  the  ooiiiiacu>r  or  tiift 
piannain  itself  i^  jor  >r  Limp.  :n  -vtnch  <.*aiie  ao  :«meiL  i»  p«rc«ptibl«. — 
neidier  Ls  the  ne^anve  jtace  ini  Laced  when  the  plaQnain  itself  ia  attached 
ta  the  condx&euir.  ^nd  fbrnu  the  pome  rnim  w^hich  the  eleetnc  fluid  ianflft. 

The  •Miumiia  pnncipie  mo^  be  i  iji»  ^uuilogniis  to  chiurine  or  brooinie. 
It  Ls  either  tm  oxiiie  jf  hyrini^n,  »!ontainin^  more  oxvgea  thaa  tiie 
pemxitie  conunooij  io  iraileiL  this  hvpothesHi^  is  perhap«  the  Wodt  hax&rd> 
ooa^.  '^r  Lt  lit  :&  iimpie  substance.  'Jtone.  which  perbapt^  exists  in  combinor^ 
tioa  with  hy«in>({en  in  water,  and  likewise  in  the  a*^aeoiL»  Tapoax  of  tbe 
air.  aud  is  Liberateii  at  the  mme  time  that  the  water  is  dectmipoeed. 
(Schoabein,  Pyjfj.  50.  tf  Iti.  i 

With  a  feeble  battery,  no  txioor  i^  per<!eptible  if  the  anode  conmt?  (^ 
a  larie  plate  of  platinum  :  but  a  ^^tmnir  o«ioar  i:?  emitted  when  the  anode 
i.s  formed  of  a  platinum  wire  eoateii  up  Co  the  point  with  wax.  When, 
from  Ion^-<!ontinned  action  of  the  current,  the  acidulate*!  water  becomes 
▼erj  hot,  the  odoar  ecaica  to  be  emitted,  bat  a  bUek  powder  makes  its 
appeanuiee,  eonsiiitiiig  of  finelj-di^deii  pladnim  separated  bj  Ike  elec* 
tri«  enrreiit.  Tbe  odoar  Taries  a  little  acrordin^  to  tbe  natnre  of  the 
metal  of  wbieb  tbe  anode  conssisu:  with  platinom  and  eilxer,  it  is  iharper 
aod  more  ■npleMant  tbaa  with  goki ;  with  copper,  it  is  feebler  and  of  a 
ditfersDt  ebaraeter.  Tbe  odoar  is  doe  to  finelj-dirided  metallic  oxide, 
diffosed  ibroogb  tbe  liberated  oxygen  gas.  Tbe  electric  spark  likewise 
contains  fioely-di Tided  metallic  particles  separated  from  the  condnotor, 
and  sobetanees  in  a  state  of  minute  dirision  are  foand  in  tbe  track  of  a 
stroke  of  Jightoing.  (De  la  Rire,  Pogg.  54,  402.)— ^^^n  ^▼er  •^  ^^^ 
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mAlftli  tre  burnt  in  the  oxygen  giw  l>lowpipe,  in  which  caws  the  oxide  riMf 
in  a  atnte  of  minute  divisinn,  m*  phof^pboric  odour  is  emitted*   (Gni,) 

Peroxide  of  hjrdrogen  (H  0')  is  •^midiijilly  regolved  into  oxygen  ga«-^ 
in  greater  quantity  thiin  that  yielded  by  water — and  liycjrogen  gas, 
(Thetiarti.)  [Supposing  no  water  to  hare  Wen  mixed  with  tho  peroxide, 
this  eiperiment  m«i>t  be  reganJed  as  testifying  airuinsb  Fanwlay's  law, 
(p.  434.)] 

AquiouB  tSoliUion  0/ Iodine,  Bromine,  or  Chlorine. 

Iodine  antl  bromine  facilitat^j  the  decomposition  of  water— withont 
being  themselves  tnmsft^rred  to  either  of  the  poles — apparently  by  com- 
biuing  with  the  hydrogen  liberated  from  the  water.  Solution  of  bromine 
yields  a  mere  traee  of  hydrogen  gae  al  the  negative  pole;  with  solution 
of  iodine,  the  quantity  cd*  hydrogen  obtained  is  three-fourths  a«  great  aa 
that  collected  in  a  voltameter  interposed  in  the  circuit.  (ConnelL) — 
Babrd  (X  pr,  Ohr^n,  4,  107)  likewise  obtained  from  aqueous  solution  of 
bromine,  hydrobromic  aeid  at  the  negative  pole,  but  no  bromto  acid  at  the 
positive:  chlorine  water,  on  the  cuntrary,  yielded  hydroebloric  aeid  at 
the  negative,  and  a  little  chloric  acid  at  the  positive  pole. 

When  bromine  is  added  to  a  solution  of  t^tarch  turned  bhio  by  iodine, 
a  yclhnvi^h  mixture  ie  produced.  Tliis  mixture,  subjected  to  the  action 
of  the  eurrent,  tunis  blue  at  the  negative  and  orange-coloured  at  the  posi- 
tive pcrle.  Hence  iodine  is  transferred  to  the  former*  bromine  to  the 
latter.  (De  la  Rive,  Ann.  Chivu  Fhi/ji.  35,  ]f54;) 

Aqueous  fiolotion  of  oxide  of  chlorine  (CI  0*)  yields  hydrogen  at  the 
cathode,  and  a  tmall  quantity  of  oxygen  ga>*  and  perchloric  acid  (CI  G^) 
at  the  anode,   (Count  IStadiok) 

Aqueotii  Oxy(;en-a€td9. 

On  filling  a  U-tube  completely  with  dilute  Phosphoric  aetd,  tying  over 
both  ends  with  bhiddcr,  Hxijjg  each  of  them  into  the  perforated  bottom 
of  a  fltqiarate  g!ae(<-ves8el  filled  with  the  fame  dilute  solution  of  phogphortc 
acid,  conducting  into  both  glajssea  tiie  current  of  a  constant  ll:inieirH  bat- 
tery, and  determining  at  the  same  time  the  volume  of  oxygen  and  hydrogen 
ga-Mce  evolved, — it  is  found  that  while  one  atom  of  water  19  decomposed, 
only  from  one-fifth  to  one-ft>urth  of  an  atom  of  phosphoric  acid  has  been 
curried  over  to  the  positive  ghiee.  (Daniell.) 

An  iron  wire  serving  as  the  anode  does  not  dissolve  in  dilute  phos- 
phoric acid;  but,  like  platinum,  it  develops  oxygen  gas  wlien  the  circuit  i§ 
ultiiuately  closed  with  it.  On  the  contrary,  it  oxidtEes  and  dissolves  when 
immersed  before  the  rest  of  the  circuit  is  closed,  because  in  this  case 
chemical  action  precedes  that  of  tho  electricity.^ — Iron  used  ae  an  anodo 
in  aqueous  hyf»oph<»J^fdiorous  or  phojsph^iroua  acid  develop*  no  oxygen, 
pos.^ihly  bccau!i»e  pIi<»Hphoric  acid  is  formed,  (Schonbein.) 

Concentrated  phosphoric  acid  produces  a  metallic  phosphuret  on  a 
cathode  consisting  of  copper  or  platinum.  (H,  Davy,) 

Common  hydrate  of  phosphoric  acid  yields  merely  oxygen  and  hydro- 
gen gas,  without  sensible  precipitation  of  phosphorus.  (Faratlay.) 

Dilute  Sitlphuric  acid.  If  two  cups  njK  connected  by  asbestus,  con- 
tain dilute  sulphuric  aeid^  and  the  two  following  cup«,  c.d^  likewise  con- 
nected by  asbostuS;  contain  solution  of  sulphate  of  soda,  tho  quantity  of 
snlphtiric  aeid  in  which  is  the  same  as  that  in  a  by — then,  on  connecting 
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produced.   (Obm,  SfzAfcl  50,  383.) 

A'/wfo^is  ioliUiyn  of  Sulphurous  acid  yields  oxygen  gas  and  snlphnric 
add  at  the  positive  p<jle,  hydrogen  gas  and  snlphor  at  the  ne^tive  pole. 
The  quantities  of  oxygen  and  hydrotjen  actually  evolved  are  less  than  in 
a  voltameter  placed  in  the  same  circuit,  because  part  of  the  oxygen  is 
expended  in  oxidizing  the  sulphurous  acid,  and  part  of  the  hydrogen  in 
reducing  the  aulphur.  The  decomposition  is  facilitated  by  the  addition 
of  a  small  quantity  of  sulphuric  acid.   (Faraday.) 

A  qiutouA  soliUiorn  of  Iodic  acid.  A  solution  of  1  part  of  iodic  acid  in 
10  parts  of  water  yields  oxygen  gas  at  the  anode,  equal  in  quantity  to 
that  in  the  voltameter,  and  io*line  at  the  cathode  without  any  hydroo'en. 
Consequently,  the  water  alone  is  directly  decomposed,  and  its  hydrogen 
separates  ifKlinc  at  the  cathode.  (Connell.) 

J/f/ponUric  acid,  prepared  from  nitrate  of  lead,  conducts  and  decom- 
poses slowly, — but  water  appears  to  be  present.  (Faraday.) 

Nitric  acid.  Very  strong  nitric  acid  conducts  well,  and  yields  oxygen 
gas  at  the  anode;  at  the  same  time  it  turns  yellow  and  afterwards  red 
at  the  cathode,  and  ultimately  evolves  nitric  oxide  gas.  The  same  acid 
diluted  with  its  own  or  a  larger  quantity  of  water,  gives  hydrogen  gas  at 
the  negative  pole,  the  qnantity  increasing  with  the  strength  of  the  cur- 
rent and  the  dilution  of  tlio  acid.  The  quantity  of  oxygen  gas  obtained 
from  oitlior  strong  or  weak  acid  is  the  same  as  that  in  the  voltameter;  so 
likewise  is  the  quantity  of  hydrogen,  if  the  specific  gravity  of  the  acid  be  not 

greater  than  1*24.    Hcuco  it  is  only  the  water  that  is  directly  decomposed 
y  ibo  current,  the  hydrogen  liberated  from  the  water  abstracting  oxygen 
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from  the  acid,  when  not  too  dilute,  and  tlrns  reducing  it  to  the  state  of 
nitrous  acid  and  nitric  oxide.  (Faraday.) 

When  tlie  current  of  a  sioall  cup-apparatus  of  sixteen  pairs  is  sent 
through  nitric  acid  of  I'-tO  sp.  gr.  tlie  negative  platinum  wire  evolves 
hydrogen  gas  for  a  momentj— after  whiclj,  all  evolution  of  gaa  ceases,  and 
nitrous  acid  i«  produced.  The  more  dilute  tbe  acid,  the  longer  does  the 
evolution  of  gas  continue;  iu  a  niixturo  of  one  measiire  of  acid  and  one  of 
water,  it  lasts  for  half  a  minute;  in  a  mixture  of  one  measure  of  acid  and 
two  of  water,  it  goes  on  uninterrupted ly*  The  thicker  the  wire,  the  sooner 
does  the  evolution  of  gaa  terminate.  By  the  fcillowing  methods,  platinum 
wire  may  hehrought  into  a  peculiar  con^lition,  in  which,  If  it  be  pLiced  in 
an  ai-id  of  .such  »  strength  that  tlio  evolutiou  of  gaa  would  cease  after  a 
whtlcj  it  will  evolve  no  gas  even  from  the  iK-giuning:  — L  By  placing  the 
two  polar  wires  in  immediate  contact,  dipping  theui  thus  united  into  tho 
acid,  and  then  suddenly  separating  them,  (In  this  case,  however,  the 
acid  must  he  diluted  with  somewhat  less  than  one  measure  of  water. )~2. 
By  igniting  the  negative  wire,  and  immersing  it  after  the  positive  wire, — 
S.  By  communication  :  If  the  negative  wire,  after  it  ha^  ceased  to  cause 
evolution  of  gits  in  the  acid,  he  joined  out^side  the  liquid  with  another 
platinum  wire,  then  the  latter  wire  immersed  ami  the  former  withdrawn, 
the  second  wire  will  evolve  no  gas  eitlier  at  first  or  afterwards;  more- 
over, the  same  property' may  be  communicated  from  this  to  a  third  wire-* 
and  so  OB. — A  wire  which  has  lost  the  power  of  liberating  hydrogen  gas 
recovers  it  by  exposure  to  the  air.  The  time  of  exposure  must  be  longer 
as  the  strength  of  the  acid  is  greater.  In  the  oise  of  acid  diluted  with 
an  equal  bulk  of  water,  momentary  exposure  to  the  air  is  sufficient:  in 
this  case,  it  ts  likewiao  sufficient  to  interrupt  the  current  for  a  moment. 
Sometimes,  again,  the  same  efiect  is  produced  by  agitating  the  wire  in 
the  acid. 

In  the.^e  experiments,  the  platinum  wire  perhaps  favours  the  combina- 
tion of  hydrogen  with  the  oxygen  of  the  nitric  acid,  in  the  same  manner 
as  it  acts  in  detonating  gas. — VVith  a  stronger  electric  current,  the  evolu- 
tion of  gas  at  the  cathode  take^  place  uninterruptedly,  because  the  water 
is  decomposed  too  rapidly  to  allow  tbe  preceding  effects  to  take  place. 
(Schonbeiu.) 

Iron  used  as  au  anode  in  dilute  nitric  acid  behaves  in  the  same  way  as 
in  phosphoric  or  sulphuric  acid^  retaining  its  passive  condition  with  even 
grealer  facility.  (Sclti3nbein.) 

When  platinum  wire  is  used  as  the  cathode  and  active  iron  wire  as 
the  anode,  in  a  small  cup-appamtus,  the  latter  being  first  immersed  in 
nitric  acid  of  125  i;p.  gr,,  and  then  tlie  circuit  closed^  the  iron  continues 
to  tlir^solvc  and  evolves  no  oxygen  gas.  If,  on  the  contrary,  the  circuit 
be  closed  in  such  a  manner  that  the  iron  wire  is  last  immersed,  the  iron 
becomes  passive  and  evolves  oxygen  ga^  just  as  platinum  does,  while 
nitrous  aeid  is  formed  at  tho  cathode.  If  tho  acid  be  diluted  with  from 
20  to  400  measures  of  water,  then  under  the  same  circumstances  two  mea- 
sures of  liydrogen  gas  are  evolved  at  the  surface  of  the  platinum  for  every 
measure  of  oxygen  evolved  at  that  of  the  iron.  If,  however^  tbe  two 
wires  be  made*  touch  within  the  liquiil,  the  evolution  of  oxygen  ceases 
and  does  not  rcK^ommence  wdien  they  are  s^eparated.  In  a  mixture  of  one 
measure  of  acid  and  10  of  water,  the  evolutiou  of  oxygen  on  the  iron  like- 
wise censes  on  taking  the  platinum  wire  out  of  the  acid  for  a  few  seconds, 
and  then  dipping  it  lu  again.  It  w  only  when  the  acid  m  very  dilute,  that 
Gvohuion  of  oxygen  recommences  some  time  after  the  closing  of  tbe  cir- 
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Appeart  bright  on  tb©  snrfoce.  It  appears  tbeu  that  the  co|>per  becomes 
€Overod  with  an  insulatiug  ilhn,  (Grove,  FhiL  Mag.  X  15,  302;  abstr. 
Fo^ff.  49,  GOO.) 

Fused  Arsenic  acid  containing  water  neither  conduota  nor  tnffers  de- 
compoijition.  (Faraday.}  Atjueoaa  j^olution  of  arsenic  is  rapidly  decom- 
poaed,  with  abundant  depo^nition  of  arsenic  at  the  cathode.  A«|ucou^ 
Ar$eniom  aekl  h  decom posed  in  the  same  manner,  but  more  elowJy. 
(Biachof,  Kadner,  Arch'tv.  G,  438.)  [Wa«  not  arseniuietted  hydrogen 
e?olved  at  the  same  time?] 

I  Aqiuou*  sohttmts  t*f  Ilydrogen-add^, 

T!jesG  acids  evolve  hj-'drogen  at  dm  noi^tive  pole  and  tlao  radical  at 
the  positive  pole:  the  latter  often  combines  with  the  metallic  electrode, 
but  is  set  free  when  graphite  ia  used  as  the  anode. 

Hydr iodic  acid,  wbether  concentrated  or  dilute,  yields  the  same 
quantity  of  hydrogen  gas  at  the  negi^tive  pole;  and  this  quantity  corre- 
sponds to  that  collected  in  the  Yoltaineter  iuterp<jsed  in  the  t*ame  circuit. 
But  the  concentrated  acid  gives  only  iodine  at  the  positive  pole;  the 
diltjto  acid  givci*  less  iodine,  but  oxygen  gas  with  it.  In  the  former  case, 
bydriodio  acid  alone  h  decomposed;  iu  the  latter*  Ipss  of  the  acitl  but 
water  besides.  (Faraday,)  The  more  cJilute  the  acid  and  the  stronger 
the  current,  the  greater  is  the  quantity  of  oxygen  gaa  obtained,  (Mat- 
teuoei.) 

Aqueous  U^drobromic  acid  is  resolved  into  hydrogen  at  the  negative 
pole,  and  bromine,  which  dissolves,  at  the  positive  pole, 

Conccntratt^d  Iff/drocJdoric  aciil^  or  a  mixture  of  it  with  at  most 
8  measures  of  water,  evolves  hydrogen  at  the  negative  and  chlorine  at 
the  positive  pole;  a  small  piortion  of  the  chlorine  combines  with  the 
platinum  of  the  anode.  A  mixture  of  1  measure  of  strong  hydrochloric 
ftcid  with  9  ineasuree  of  water  evolves  a  little  oxygen  together  with  the 
chlorine;  and  from  a  mixture  of  1  measure  of  strong  acid  with  100 
measures  of  water,  17  measures  of  oxygen  gas  are  evolved  for  every  64 
measures  of  hydrogen;  constHpicntly,  30  measures  of  chlorine  must  be  set 
set  free  at  the  sanio  time.  In  this  citse,  the  quantity  of  hydrogen  is  oon- 
etant,  whatever  may  bo  the  degree  of  dilution  of  tlie  acid.  Hydrochloric 
acid  seems  to  be  more  inclitied  to  deconipoitition  tliau  water,  gince  it  is 
only  when  the  acid  Is  very  nmch  diluted  that  water  is  decomposed  at  the 
same  time.  (Faraday,) — Greater  intensity  of  the  electric  curreut  like- 
wise inoreases  the  quantity  of  oxygen  gas.  (Mattencei.) — When  the 
anode  consists  of  gohl,  silver,  copper,  iron,  &c.,  a  chloride  of  the  metal  is 
formed — and,  unless  it  be  chloride  of  silver,  dissolves  in  the  surrounding 
liquid. 

Passive  iron  fonning  the  anode  in  aqueous  solutions  of  hydracids, 
eiieh  as  hydrochloric  aciil,  is  always  dissolved,  in  whatever  manner  tho 
circuit  may  bo  closed.  (Schonbein.) 

Anhytlrous  ilt/dirtfluoric  acid  yields  hydrogen  gas  at  the  negative 
pole,  whilst  the  positive  platinum  wire  is  corroded  by  the  formation  of  a 
brown  substance,  probably  iiuoride  of  platinum.  (H.  Davy,) — The  hy- 
drateil  acid  is  not  decomposed,  only  the  water  with  which  it  is  united 
liuffering  dpcomposition.  (Faraday.) 

Hydrated  Ihjdi^cyanic  add  gives  passage  to  Ihe  ourreni  with  difli- 
enlty, — more  readily  however  when  a  small  quantity  of  sulphuric  acid  is 
added  to  it.     In  both  caBes,  the  normal  quantity  of  hydrogen  gaa  t« 
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obtdned  at  the  Degative  pole,  whikt  cyanogen  dissolves  id  the  liquid  §i 
the  positive  pole— aa  was  fonncrly  shown  by  Gay-Lussac.  (Faraday.) 

Hydra  ted  Sulphoq/anic  acid  and  Ferrocyanic  acid  bohaTe  like  hydro- 
cyanic acid.  (Faraday  ) — Sulphocyanic  acid  accumulates  iindocoaJp<wed 
at  the  positive  pole.  (Porret) 

According  to  Faraday's  and  Mattencci*s  hypothesis,  the  hydraeida  are 
directly  decomposed ;  but  acconling  to  Coimcll,  it  is  only  the  water  mixed 
with  them  that  siifierB  liirect  decomposition,  the  oxygen  separated  at  the 
anode^  combining  with  the  hydrogen  of  the  ncitl  which  it  there  meets 
with,  and  setting  the  radical  free.  But  the  cxjM^rimcut^  on  which  he 
founds  his  opinion  are  by  no  means  satisfactory. 


: 


jMdaUic  Sulphur^U,  lodidts,  Bromidt^t  Chhridti,  C^nidu,  Sfdphfh 
"^  cy tf  n  idfi  and  Ferroryan ides^ 

Fused  Liver  of  Sid  pit  ur  yields  potassium  at  the  cathode.  (Jarjuin,  Gill. 
2BfSSS.) — TltB  t/ellotP  solution  of  Sufphu ret  of  Potntsium  (p.  375)  yields  a 
qnantity  of  sulphur  at  the  anode  and  hydrogen  gas  at  the  cathode, 
(Faradniy^) — Fused  Sulphurft  of  iSilvcr  h  decomposed,  to  a  slight  exteut| 
into  sulphur  at  the  positive  and  silver  at  the  negative  pole. 

Fu8cd  Iodide  of  Fotasisium^  or  Iodide  qf  Lead ^  is  rcj^olved  into  iodine  at 
the  anode  and  metal  at  the  cathode. — ^Aqueous  solution  of  iodide  of  po- 
tassium yieldti  iodine  at  the  auode^  potash  and  hydrogen  gas  at  the 
cathode,  water  being  decomposed  by  the  potas.^ium  there  separated. 
(Faraday.)— Fuse cl  Chloride  of  Lead  yields  lead  at  the  cathode,  chlorine 
at  the  auude :  when  the  latter  consists  of  graphite,  chlorine  is  set  free; 
hut  when  it  consists  of  platinum,  part  of  the  chlorine  combines  with  the 
platinum,  and  chloride  of  platinum  becomes  mixed  with  the  chloride  of 
lead.  (Faraday.)— Fused  Protockloride  of  Tin  is  resolved  into  metallic  tin 
and  bichloride  of  tin,  the  latter  escaping  in  vapour.  (Faraday.)— Fused 
Chloride  of  Silver  is  resolved  into  silver  and  chlorine:  when  the  electrodes 
are  formed  of  silver,  the  anode  loses  as  much  silver  as  the  cathfwie  gain§, 
and  no  chlorine  is  evolved.  (Faraday.) — Fused  Frotochfondi^  of  Mercury 
conducts,  and  appears  to  be  decomposed;  disturbing  causes  are  however 
present.  (Faraday.) — Fused  Ttrckloride  of  Aniimon^  euu duets  badly  and 
IS  but  little  decomposed,  perhaps  only  on  account  of  the  presence  of  a 
small  cjuantity  of  water,  (Faraday.) 

Aqueous  solution  of  iSftl-mumojiiac  is  resolved  into  chlorine  at  the 
positive  and  hydrogen  gas  and  ammonia  at  the  negative  pole.  [This 
accords  wilh  the  ammonium  theory  of  Berzelius,  according  to  which  sal- 
ammoniac  is  not  N  IP;  li  CI,  but  N  H*,  CI.  The  result  may,  hovever, 
be  explained  on  the  former  hypothesis;  t^upposing  namely  that  the  cur- 
rent decomposes  hydrochloric  acid  into  hyilrogen  at  the  negative  and 
chlorine  at  the  positive  pole,  and  that  the  ammonia  which  has  been 
deprived  of  its  hydrochloric  acid,  is  set  free  at  the  negative  pole.]  Solu- 
tion of  sal-ammoniac  with  silver  electrodes  gives  both  hydrogen  nnd 
oxygen  ga^s,  the  latter  however  not  in  sufficient  quantity  f  the  positive 
wire  becumes  covered  with  chloride  of  silver,  and  the  liquid  in  the  neigh- 
bourhood of  the  negative  pole  is  found  to  contain  free  ammonia.  When 
iron  wires  arc  employed,  gas  is  evolved  only  at  the  negative  wire;  it 
gradually  however  diminishes  in  quantity  as  the  wire  becomes  covered 
with  erystalliuo  reduced  iron.  The  positive  wire  is  corroded  and  oxide 
of  iron  eeparute?*     The  liquid  on  the  negative  side  is  found  to  eontaiu 
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aiumonitiret  of  protoxide  of  iron  besides  sal-aminomac.  (Hisingor  Si  Ber- 

If  a  cup  forniefl  of  eal-aminoniac  be  wetted^  then  placed  upon  a  pieco 
of  platinum  foil  connected  with  the  positive  pole  of  the  battery,  and  filled 
with  mercury  into  which  the  platiuum  wire  of  the  negative  pole  is  made 
to  dip,  chlorine  is  developed  at  the  positive  platinum  plate,  and  the 
mercury  swells  up  in  the  state  of  ammoniacal  amalgam  (Hg  -h  N  H*}  to 

5  times  its  original  volume,  its  vegetations  at  the  same  time  penetrating 
into  the  Fal-ammoniae.  When  tiie  circuit  i^  broken,  the  amalijam  im- 
mediately runs  together  in  the  form  of  liquid  mercury.  (H,  Davy,  Gilb, 
33,  247.) 

6oluttou  of  Common  SaH  gives  chlorine  at  the  positive,  hydrogen  gas 
and  8mla  at  the  negative  pole.  The  .^alt  in  probably  firsijt  ronsolved  into 
chlorine  and  sodium,  and  the  sodium  oxidixed  by  the  water;  for  when 
the  cathode  consists  of  mercury,  eodiam-amal|^m  is  obtained.  (Higgins 

6  Draper,  iV.  Edin,  Fhif.  X  14,  314,)— Common  salt,  in  which  silver 
wires  are  immersed,  evolves  gas  only  at  the  negative  wire  at  firstj  but 
afterwards  at  tlie  positive  wire  also:  the  latter  becomes  covered  with 
chloride  of  silver;  the  liquid  surrounding  it  contains  in  sohitiou  chlorine 
and  a  compound  of  silver  not  precipitable  by  chlorine;  the  liquid  on  the 
negative  side  contains  free  soda. — ^When  lead  wires  are  used,  the  negntivo 
wire  alone  evolves  gas»  and  subsequently  becomes  covered  Avith  fine 
crystals  of  lead;  the  positive  wire  acquires  a  coating  of  chloride  of  lead. 
A  positive  wire  formeii  of  iron  or  zinc  likewise  evolves  no  gas,  but  dis- 
solves in  the  state  of  metallic  chloride,  from  whicb  a  film  of  oxide  is 
precipitated  at  the  surface  of  contact  of  the  chloride  with  the  alkaline 
liquid  ou  the  negative  side.   (Hisinger  &  Berzelius*) 

A  globule  of  mercury  immersed  in  solution  of  Ohlaride  of  Ban  inn  and 
conncctetl  with  the  negative  pole  of  a  feeble  battery,  forms  solid  vegeta- 
tions of  barium-amalgam,  (Herscheh) — ^In  solution  of  Chloride  of  Caiclitm 
the  negative  wire  alone  yields  gas»  and  becomes  covered,  first  with  a  white 
cru!*t,  then  also  with  needles  of  lime  (hydrate)  which  first  diminishes  the 
evolution  of  gas,  and  then  stops  it  altogetben  The  positive  ivire  dissolves 
aa  chloride  of  iron,  and  the  solution  deposits  protoxide  of  iron  at  the 
surface  of  contact  of  the  latter  with  the  calcareous  liquid.  (liisinger  & 
Berzelius.) 

From  a  solution  of  Pro/oM/orit/^  of  Iron^  black  magnetic  oxide  of  iron 
is  deposited  at  the  negative  pole.  (H.  Davy,— ^according  to  Bccquerel,  it 
is  deposited  in  small  grains.) — A  concentrated  oolytion  of  CAloride  of 
Copper  or  Chloride  of  Gold  in  water  gives,  when  subjected  to  a  feeble 
electric  current,  merely  metal  at  the  negative  pole  without  any  hydrogen 

fas:  the  gas  is  however  evolved  from  a  dilute  solution  when  aeted  upon 
y  a  strong  current.  Hence  it  appcnrs  that  water  is  less  decomposible 
than  these  metallic  chlorides,^and  the  order  of  decomposibility  is:  iodide 
of  potassium,  hydriodic  acid,  hydrochloric  aeid,  metallic  chlorides,  water 
acidulated  witli  sulphuric  acid.  (Matteucci.) 

Iron  aeting  as  anode  in  s+olutions  of  metallic  sulphnreta,  iodides,  bro- 
mides* chlorides,  and  fluorides,  dissolves,  even  when  the  circuit  is  not 
closed  before  the  immersion  of  the  iron.  (Schonbein.) 

Aqueous  solutions  of  metallic  Fluorides  are  decomposed  with  separa- 
tion of  fluorine  at  the  anode.  (Faraday.)  When  the  electrodes  are  im- 
mersed in  two  cups  of  fluor-spar,  filled  with  water  aud  connected  by  fibreyi 
of  aabestus,  lime-water  is  found  after  two  days  in  the  negative  cnpj  and 
hydrofluoric  acid  in  the  positive  cnp.  (11.  Davy.) 
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Aqtieoua  solution  of  C^nide  of  Potauium  yields  fajdrogeo  gma 
potash  at  the  cathode:  no  oxygen  is  evolved  at  the  anode,  but  the  liqiMl  ( 
turns  brown.     Fused  cyanide  of  potassium  i«  Ukewise  daeompofificl.     Sola- 
tiona  of  metallic  SulpkocyanidtM  and  Ferroc^anidm  b«luiV9  in  a  similar 
man  Iter.     (Faraday.) 


Alkalis  and  Earthi. 

Concentrated  solution  of  Ammoiiia  conducts  ajs  slowly  as  pare  wmtsr; 
by  tlio  a^Iditiou  of  a  finiiil)  quantity  of  sulphate  of  ammonia,  it  is  renckred 
more  easily  decomposihle.  In  tliis  case  it  yiehls  hydrogen  ga«  at  the 
cathode  equal  tri  quautity  to  thai  colloeted  in  the  voltameter,  and  nitrogen 
gas  at  the  anode,  frequently  mixed  with  a  small  and  variable  quantity  of 
oxygen  gas.  Hence  for  each  meiieure  of  gajs  at  the  anode,  three  or  fova 
measurcf?  are  evolved  at  tho  cathode.  When  gold  electrodes  are  used,  the 
pofiitive  wire  dissolves,  and  hecomes  covered  with  amber-co loured  fulmi- 
nate of  gold,  whilst  metallic  gold  iia  dcpoftited  on  the  negative  wire. 
Concentrated  solution  of  ammonia,  with  iron  electrodes,  yields  brdroirQn 
WBLM  at  the  nejgaiive,  and  pure  nitrogen  at  the  po^fitive  pole.  On  tne  third 
day,  the  anode  begins  to  acquire  a  coat  of  oxide.  If  the  ammonia  be 
mixed  witb  three  times  its  volume  of  water,  hydrogen  and  oxygen  ^99 
ara  evolved,,  the  latter  however  in  Simaller  quantity,  because  the  iron 
suffers  corrodon.     (Hisinger  ^  Berxelius.) 

When  solution  of  ammonia  is  placed  in  a  tube  over  mercury,  which  is 
connected  by  a  idatiiruui  wire  with  the  negative  pole,  whibit  the  platinum 
wire  of  the  positive  pole  dips  into  tho  ammrmia,  oxygen  gas  is  evolved  at 
the  positive  wire;  and  the  mercury,  which  does  not  at  first  evolve  any 
gaij,  is  converted  into  a  thiekish  mass  of  amnioniacal  amalgam  (a  com- 
pound of  mercury  with  N  H*),  which  spreads  out  in  vegetations,  and 
swells  up  to  six  times  the  original  rolumo  of  tho  mercury.  As  soon  as 
tlitB  amalgam  comes  in  contact  with  the  prtsittve  wire,  it  is  partially 
decomposed  with  a  hissing  noise*  and  shrinks  up,  then  grows  up  again  till 
it  reaches  the  positive  wire,  when  it  is  unco  more  decomposed — and  so  oo. 
Breaking  the  circuit  likewise  decom poses  the  amalgam  with  violent  evola* 
tion  of  hydrogen  gas.     ^Ber/.elius  61  Pontin,  Gilh.  36,  200  ) 

III/ J  rate  qt  Potash,  glightly  moistened  untl  subjected  to  the  action  of  a 
powerful  hattery,  yields  oxygeu  gas  at  tlie  aiiode»  au<l  at  the  catho^le 
hydrogen  and  gas  and  potassium:  the  metal  ttdberes  in  globules  to  the 
platinum  wire,  and  then  bums.  Uijdratt  of  Soda  behaves  in  a  similar 
manner.     {H*  Davy.) 

Moistened  Hydrate  of  Baryta^  StrorUta,  Linte,  or  Mmfnetia^  is  not  de- 
eomposed  by  the  current  even  of  a  powcrfid  battery,  unless  the  action  be 
assisted  by  the  affinity  of  mercury  for  the  metal  contained  in  theeo 
baeee.  But  if  either  of  these  hydrates  be  formed  into  a  cup,  the  cup 
placed  on  a  plate  of  platinum  which  serves  as  the  anode,  and  filled  with 
mercury,  and  the  platinum  wire  of  the  negative  fM>le  dipped  into  the  mer- 
cury,— an  amalgam  of  barium,  strontium,  calcium,  or  magnesium  is  ob- 
tained. (H.  Davy.)  Tho  assertion  of  Troramsdorff  {GUIk  30,  330),  that 
by  means  of  a  battery  of  forty  pairs  of  plates,  each  eight  inches  square, 
metal  may  be  separated  from  hydrate  of  baryta,  strontia,  or  lime,  without 
the  intervention  of  mercury,  appears  doubtful,  inasmuch  as  this  effect  waa 
not  obtained  either  by  Davy,  Gay-Lussac  k  Th^nard,  or  Jacquin,  with 
their  much  more  powerful  batteries* 

On  introducing  a  soluUcm  of  potaeb,  bsu-ytai   or  atrontia^  into   llio 
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ftppftratus  deecribed  an  page  451,  only  one-fotirtk  of  an  atotn  of  alkali 
ifi  carried  over  to  tlie  negative  coll  for  every  atom  of  water  decom- 
posed. (Daniell)  Iron,  acting  as  anode  in  acjueous  golntion  of  potash 
does  not  oxidate,  but  liberates  all  the  oxygen  aa  gaA,  even  when  it  is  im- 
mersed before  the  cathode.  (Sclionbein.)  Many  kinds  of  oa«t  iron,  how- 
ever, although  part  of  the  oxygon  is  evolved  on  them  ns  gases,  dissolve  in 
the  form  of  ferrate  of  potash »     (Poggendorffl) 

Mmvp  MetaUie  Oscidu. 

Fused  Protoxide  ofLefid  Ifi  resolved  into  lead  at  the  cathode  and  oxygen 
at  the  anode.  Paused  Oxide  of  Antimovi/  is  at  firat  easily  decomposed, 
yielding  antimony  at  the  cathode;  bnt  the  oxygen  acparated  at  the  anode 
converts  the  oxide  of  antimony  there  situated  into  infusible  antimonic 
acid,  which  forms  an  lusuhiting  envelope  round  the  anode,  and  gradually 
stopi  the  current.     (Famday.) 

Oxygen-salU  of  ike  AlkalU  and  Earthi, 

An  electric  current  decomposes  an  atom  of  an  oxygen-salt  in  the  same 
time  as  it  decomposer  an  atom  of  water  or  chloride  of  lead.  If,  for 
exam  pie  J  solution  of  sulphate  of  soda  be  introduced  into  the  apparatus 
described  on  page  451,  in  which  it  is  separated  by  two  membranous  iliaph- 
ragms  info  three  divisions,  into  the  two  outermost  of  which  the  pliittnum 
electrodes  of  a  Danieirs  constant  battery  arc  made  to  dip,  and  the  quan- 
tities uf  ga^  determiQetl  which  are  evolved  at  the  electrodes  and  m  an 
interposed  voltameter— the  soda  separated  in  the  negative  division,  and 
the  sulphuric  acid  set  free  in  tiie  positive  division,  being  also  estimated, 
— it  is  found  that  the  volume  of  detonating  gas  collected  in  the  voltameter 
is  equal  to  the  volume  of  hydrogen  obtained  in  the  negative  <livision, 
together  with  that  of  the  oxygen  evolved  in  the  positive  division, — and 
that  for  every  .0  parts  (one  atom)  of  water  decomposed  in  the  voltameter, 
82  parts  (one  atom)  of  soda  are  set  free  in  the  negative,  and  -10  parts  (one 
utom)  of  sulphuric  acid  in  the  positive  division.  (Similar  results  are 
obtained  with  sulphate  of  ammonia,  sulphate  of  potash,  phosphate  of 
soda,  carbonate  of  potash  or  soda,  and  nitrato  of  potash,  excepting  that 
in  the  la^t  ca^  ammonia  is  likewise  formed.)  If,  instead  of  a  voltameter, 
a  tube  containing  fused  cbloriJe  of  lead  he  introduced  into  the  circuity,  the 
cathode  being  formed  of  a  platinum  wire,  fused  into  tlie  bottom  of  the 
tube,  whilst  a  piece  of  graphite  dip.s  into  the  upper  part  to  form  the 
nnofle, — an  atom  of  lead  is  deposited  on  the  platinum  for  every  atom  of 
.sulphate  of  soda  (sal-atiimoniac  or  common  salt)  decomposed.  These 
experiments  are  favourable  to  the  supposition  that  the  oxygen-salts  should 
be  regarded  aa  comjjounds  of  metals  with  so-called  salt-radicals,  — «-,^*, 
sulphate  of  soda  not  aa  Na  O,  SO^  but  ns  Na  S  0* — and  that  the  same 
quantity  of  electricity  which  serves  to  separate  an  atom  of  oxygen,  chlo- 
rine, or  iodine,  from  an  atom  of  hydrogen^  or  a  metab  is  likewise  exactly 
eutlicient  to  Beparate  an  atom  of  8  O*,  or  any  other  compound  salt-radical 
from  an  atom  of  metal  (Daniell.) — Mattencci  {A  fin.  Vklrn^  P^^y^-  T4,  f)9) 
obtained  the  same  results  by  subjecting  other  en  Its  to  similar  treatment* 
For  every  atom  of  water  decomposed  in  the  voltameter,  he  obtained  from 
the  saline  solution  1  atom  of  hydrogen  gaa,  I  atom  of  nnygen^  1  atom  of 
base,  and  1  atom  of  acid. — Such  was  the  case  with  stdidiate  of  magnesia, 
excepting  that  there  was  a  deficiency  of  ^  in  the  magnesia  separated, — 
with  benzoato  of  potash,  in  which  ca^e  the  separated  acidj  being  but 
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slightly  soluble,  eauM  be  directly  wcigbed; — wHb  betizoate  of  Vimtj  inl 
which  case  the  linie  also  eoulcl  be  weighed; — and  with  boniaaie  of  wnc,  in" 
the  case  of  which,  the  benzoic  acid  and  the  metallic  Jtinc  were  w^etithed,  j 
and  no  evolution  of  hydrogen  gaa  took  place.  I 

[The  theory  which  regards  sulphate  of  soda  as  Na  S  O*  ceftaunly  1 
affords  the  simplest  explanation  of  its  electrolygis.     Since,  however,  lUAtij 
weighty  reasons  may  be   urged  against  the  adoption  f^i  chts  firj^^'the^  j 
the  following  explanation  may  for  the  present  be  ndmitlcd,  of  j 

soda  is  Na  Ot  S  O*;  decomposition  by  the  eloclric  current  is  i  uly  1 

on  the  socla  (since,  by  Faraday's  law,  S  0^  is  incapabh?  of  direct  decom- 
position). Sodium  separates  at  the  negative  pole»  where  it  decomposes 
water  and  yields  soda  and  hydrogen  gas.  The  oxygen  which  was  com- 
bined with  the  sodium  is  transferred,  together  with  the  sulphuric  acid,  to  the 
adjacent  atom  of  sodium.  An  atom  of  oxygen  is  set  free  at  the  positive  j>alc; 
and  fidncc  the  sodium  which  was  combined  with  it  goes  towards  the  nega- 
tive pole,  the  sulphuric  acid  is  set  free  by  secondary  action, — or  rather  it 
passes  from  its  state  of  combination  with  soda  Into  that  of  combination 
with  water.  In  the  case  of  sulphate  of  copper,  ^c,  similar  actions  take 
place,  excepting  that  the  metal  liberated  by  the  current  doe?  not  decoro* 
pose  water.  The  decompo.^ition  of  oxygen-salts  of  ammonia  is  most  witis- 
iactorily  explained  by  adopting  the  ammonium  theory  of  Berielias^  accord- 
ing to  which,  sulphate  of  ammonia,  for  example,  which  always  contains 
water,  is  to  be  regarded  as  sulphate  of  oxide  of  ammonium  (N  IV  O,  S  CP), 
The  electric  current  decomposes  the  oxide  of  ammonium,  ju-st  as  it  doe«  a 
metallic  oxide,  into  oxygen  and  ammonium,  and  the  latter  is  resolved 
into  hydrogen  gas  which  escapes,  and  ammonia  which  remaltis  fn  *soltt* 
tion.— According  to   this  view,  the  direct  action  of  the  clei  nt 

18  confined  to  the  decomposition  *)f  metallic  oxides,  and  the  tra  of 

the  acid  from  the  decomposing  oxide  to  the  water  is  merely  a  Ci^nseiiuence 
of  this  action.  (Hesa's  Observations  on  DanielFs  Theory — vid,  Poijg. 
53,  j05.)]* 

When  two  salts,  which  do  not  precipitate  each  other,  are  dissolved 
together  in  water,  their  acids  are  simultaneously  transferred  to  the  poeitive, 
and  their  bases  to  the  negative  pole,     (H.  Davy) 

Iron  acting  as  anode  in  ar^uooua  srdutiona  of  oxycfCD-salts,  evolve? 
oxygen  ga«,  just  as  platinum  does,  without  oxidating — even  when  it  is 
immersed  in  the  liquid  before  the  rest  of  the  circuit  is  closed-  (Scbon- 
boin.) 

A  moistened  cup  of  Carbonate  of  Ammonia,  filled  with  mercury,  vield« 
ammouiacal  amalgam,  just  as  saUammonijM3  does  (p,  45(5).  (Secbeck,  X. 
GehL  5,  482,  H.  Davy.) 

Fused  Borax  (Na  0,  2  B  CP)  yields  oxygon  gas  at  the  anode  and  boron 
at  the  cathode.  Now,  since  fused  boracic  acid  is  not  dctM)mposiblc  by  the 
electric  current,  the  separation  of  the  boron  must  be  attributed  to  indirect 
action;  the  current  resolves  the  soda  into  oxygen  and  sodium — and  the 
latter  separates  boron  from  the  boracic  acid.  (Faraday.) — Fused  Quadro- 
horoJU  of  Soda  (Na  0,  4  B  iP)  conducts  and  shows  signs  of  decomposition^ 
but  evolves  gas  at  both  poles:  it  therefore  contains  water.  (Faraday,) 
Fueled  Borott  of  Lead  is  easily  decomposed,  yielding  oxygen  gae  and 
metallic  lead.     (Faraday.) 

The  electric  current  resolves  ordinary  Phosphate  of  Soda  in  a  state  of 
solution  into  soda  and  phoj^phoric  acid,  (Davy.)  Fused  Acid  P/tmpk4BU 
of  Soda  (Na  0,  F  0^)  conducts  and  is  decomposed;  hydrogen  gas,  how- 
erer,  appears  at  the  cathode^  showing  that  water  is  present.  (Faraday). 
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,  Aqueous  solution  of  Borate  or  Phosphate  of  Ammonia  yieliU,  wbeu  irou 
I  wires?  arc  usetl,  leas  oxygen  gas  at  the  positive  pole  tliau  i=*  retjuired  to 
\  saturate  the  hydro^^en  evolved  at  the  negative  pole;  and  the  positive  wire 
*  l^ccomes  coate^i  with  white  borate  or  phosphate  of  protoxitle  of  iron. 
(Hifiinger  Sc  Berzeltus.) 

Sulphate  of  Ammonia ,  Patajdt^  or  S^tda^  dissolved  in  water,  is  decom- 
posed by  the  current — acid  and  oxygon  appearing  at  the  anodCj  alkali  and 
hydrogen  at  the  cathode.     (H.  DaVy.) 

Anueous  polution  of  Sulphate  of  Ammonia^  in  which  iron  wireis  are 
used  as  tbu  poles,  gives  hydrogen  gas  and  free  ainnionia  at  the  negative 
;  pole;  at  the  positive  pole  it  yields  oxygen  gas — ^which  is  not  evolved  till 
the  experiment  ha^  gone  on  for  some  time— and  peranlphate  of  iron,  (Hi- 
I  61  age r  Sc  Berzelius.)— Aqueona  solution  of  A^eiUml  Sulphate  of  Potash 
Tiehl^  witli  gold  wire^?,  aa  acid  liquid  in  the  positive^  and  an  alkahne 
lii|uid  in  the  negative  side  of  the  U-tahe;  these  when  mixed  together  pro- 
duce a  perfectly  noutntl  solution, — When  lead  wires  are  employed,  an  in- 
eufficient  quantity  of  oxygen  gas  ig  evolved,  because  a  quantity  of  peroxide 
of  lead  is  produced.  When  iron  wires  are  used,  the  quantity  of  oxygen 
Bct  free  is  likewise  deficient,  and,  instead  of  it^  a  solution  of  protosul- 
phate  of  iron  is  formed. — When  the  positive  wire  consists  of  zinc,  no 
ox^gCD  gas  is  evolved  upon  it;  but  it  di^ssolvei?  and  form.^  nnlphate  of  zinc, 
wLicbi  where  it  cornea  in  contact  with  the  negative  alkaline  liquid,  depo- 
fiitd  a  layer  of  oxide  of  zmc.     (Hi^inger  &  Berzelins,) 

Bi sulphate  of  Potash  {K  0,  S  0^  +  H  0,  S  0^)  is  decomposible.  (Fa- 
raday.) WLeu  the  solution  of  this  salt  is  decornposcd  in  the  apparatus 
described  (p.  4.)!),  there  is  obtained  for  every  9  parts  (1  atom)  of  water 
decomposed  18  partes  (^  atonj)  mare  of  sulphuric  acid,  and  df)  parta 
(i  atom)  loss  of  potash;  and  iu  the  negative  cell,  I!)  parts  less  of  snlphnric 
acid  and  DB  parts  more  of  potash,  la  this  case,  the  actiun  of  tlu^  current 
diviiles  itself  between  K  0^  S  0^  on  the  one  hand,  and  H  0»  S  0^  on  the 
otherr     (Daniel  I.) 

On  filling  two  cups  of  Ileavf/  Spar  (sulphate  of  baryta)  with  water, 
connecting  them  by  fibres  of  asbestus,  and  dipping  into  each  of  them  one 
of  tbe  polar  wires  of  a  battery  of  150  pairs  of  plates,  a  distinct  traeo  of 
eulpbnric  acid  is  fonnd  after  four  days  in  the  positive  cup,  and  of  baryta- 
water,  together  with  carbonate  of  baryta  in  the  negative  cup.— Wil!i  cups 
of  Cff'ieAtiu  (sulphate  of  strontia),  the  decomposition  takes  place  more 
quickly,  and  with  cups  of  Gypmrn  still  more  quickly.  (H.  Davy,)  [Tho 
decomposibility  of  these  bodies  increases,  therefore,  in  the  same  order  as 
their  solubility.] 

When  moistened  t^ulphaU  of  Ma^esia  is  formed  into  a  cup,  and  the 
cnp,  with  mercury  in  it,  arranged  in  tbe  manner  deperibed  on  page  458, 
amalgam  of  inaguesium  is  obtained  more  readily  than  from  moistened 
mngnesia.     (H.  Davy.) 

The  electric  current  decomposes  Alnm  dissolved  in  water.  (H»  Dary.) 
A^itrate  of  Am7no}tiaf  in  the  fused  state,  yields  hydrogen  ga«  mixed 
with  a  little  nitrogen  at  the  cathode.  In  the  state  nt  solution,  it  yields 
oxygen  gjLs  at  the  anode,  and  hydrogen  at  the  cathode,  the  latter  some- 
tinie>«  mixed  with  a  small  quantity  of  nitrogen.  (Faraday.)  In  aqueous 
solution  of  nitrate  of  ammonia,  the  positive  iron  w^ire  evolves  oxygen  gas, 
becomes  oxidijsed,  and  likewise  dissolves;  the  negative  wire  evolirea  na 
gas  and  ammonia  accumulates  around  it.     (Hisinger  &  Berzolius.) 

^iirate  of  Potash  dissolved  in  water  conducts  very  well,  yielding 
sometimes  the  normal  q^uantity  of  hydrogen,  somotimea  less;  aonietimes, 
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sMiPt  tteondMy  proaoetfl  are  fowmmd  {Tmn4ay);  te  mwkww  if  §mmi 
ftl  tW  eMhi4»  (DuikU), — When  iron  wires  wsm  «mC  oqIj  tL«  poiitifv 
wtf«  ynMM  gtt%  yi«.T  oxygen,  b«t  it  lilccrwiae  ditmkwm.  TIm  limid  U 
liM  n^gmttve   wbe  lilcewtM  contaiiM  h*ee  umnottny  logeilbar  viih  hm 

poUnh.     Klnc  wire«  bebaTe  in  the  same  maoiie 

ibem  ytthh  any  gM,  mT9  a  reiy  nail  f|iiaiilstir,  wJ 

oagttivo  wire  ereiy  time  the  circuit  la  cloeed.     (Hlib 

AitraU  of  Baryta  dUsolred  in  water  ii  vosolTed 
(H.  Daty.) 

Fnwd  ,^<lf  ffi«Mi  y  not  deoompoaed;  gla»  aentaimiig 
(Faraday.) 

If  two  eupB  be  formed  of  airjr  of  ibe  Allowing  3iiicmm»  Mimmb, 
fijlofl  with  water— conneeted  W  aebqitaa  and  subjected  lo  iJkaaciloii  oft 
powerful  batu^ry — ibeir  tolnble  coiutitaent^  collect  in  tlia  two  ei^ 
ZetdiU,  wbicb  ooQtams  07  per  cent,  of  soda,  ^Toe  in  two  nthnitot  dkllBrC 
indication!  of  soda  and  lime  in  tbe  negative  enp.  LepiddUm  givea  poteaL 
Basalt  give^  soda  and  potaeb  in  tbc  negalire  eop^  ehlome  in  iJm  poaitm 
cap.  Vitrified  Lata  horn  Min^  yicldf  poUiltf  eoda,  and  lime  in  thm  Hifa- 
tive  cup.     (H.  Davy.) 

Arnniaic  of  Fotaah  diaeolved  in  water  is  slowly  deoonipoeed  whli 
reparation  of  arseoic  at  tbe  negatire  pole.  (Biscbof.) 

Bolid  Soap  (aiearate  of  eoda)  stops  tbe  electric  cnrreot  afler  a  few 
■eeonda^ — becaaee  stearic  acid,  wbicb  is  a  non-conductor,  separatee  at  tbe 
anode.  Tooebing  tbe  soap  after  tbis  remoYoa  only  tbe  electricity  of  tLt? 
negatire  pole.  Hence  we  have  an  explanation  of  tbe  Ne^aiine  f^ur^- 
lariiy*  of  eoap  observed  by  Ermao.  When  tbe  soap  is  wetted  in  tbe 
net£bbourbood  of  tbe  anode,  tbe  current  is  not  impeded, — ^no  unipolanty 
ii  obuerved.     (Ohm,  Sckifi.  59,  385.) 

Tbe  phonological  efeeU  which  accompany  tbe  fpasaage  of  electricity 
through  livin;?  animal  bodiee  may  be  produced  in  either  of  ibe  following 
ways.     1.  The  electricity  may  be  actually  transmitted  tbrongh  tbe  eoli< 
partu  of  tbe  body,  and  tboe  may  directly  affect  the  ner\'e«s.     2,  It  raa^ 
deeompose  the  salts  containe<I  in  the  lit^uid^  of  tbe  body,  evolving  oxji 
and  acid  at  tbe  positive,  hydrogen  and  alkali  at  tbe  negative  poloj 
pointed  out  by  Matte uoci  (ocAw»,  60,  305), — aud  bringing  about  a  t 

♦  In  additon  to  Perfect  Conductor*  and  Xon-condueiort,  Ennan  tliftiofnislied 
foUowitig;  cUssc*  of  coDdoctors :  1.  Bipolar  Conduciort  (water).  Wnfrr.  \vli*-fi  *■ 
Dieted  with  one  pole  of  the  battery  and  with  the  ground ,  conducts  awit  ' 
that  fwte.  When  coonccted  with  both  poles,  it  do«t  not  allow  the  aleet  i 
lated  io  the  polei  to  unite;  but  the  pole*  retain  their  furroer  tension,  and  llit^ 
likewiBQ  exhibited  in  tbe  water,  so  that  tbe  half  of  the  liquid  next  to  the  ]• 
appears  positive,  tbe  other  half  negative.  [Tbe  great  reaiatance  which  pure  «.itec 
opposes  to  the  tran<rposit]on  of  atoms  enables  tbe  electric  fluids  to  accumulate  tu  tba 
poles  till  they  attain  a  Tery  high  tension;  but  they  are  by  no  means  completely  insulstedg* 
— electricity  is  continually  passing  into  the  water.] — 2.  Vnipaiar  Conduetort.  Botliegi 
of  this  class,  like  bipolar  conductors,  discharge  each  individual  pole  wh«n  they  are  coo^ 
nccted  with  it  and  with  the  ground,  and  are  likewise  incapable^  when  placed  between  tl 
pole*,  of  bringing  about  the  combination  of  the  two  electric  fluids.  But  if  when  tbi 
made  to  connect  the  poles,  they  are  at  the  same  time  touched  by  a  good  conductor  com 
niuntcjtting  with  the  ground,  this  conductor  removes  the  electricity  of  one  pole  oi 
while  that  of  the  other  remains  undiminifihed.  Potitipe  Unipolar  Omdncforw  (the  f 
of  alcohol  and  stid  other  compounds  (TOntaioing carbon  and  hydrogen)  are  tberelbfv 
as  when  placed  in  the  voltaic  circuit  eomnoaaicate  positive  electricity  to  a  good 
ductor; — Negative  Vnipitlar  C<mdHctor9  (solid  alkaline  soap,  dried  white  of  egg,)  on 
the  contrary,  communicate  negative  electricity  under  the  same  circumstances^  [The 
cause  of  this  peculiar  property  in  soap  has  been  explained  above;  sioular  causes  arc  pro- 
bably it  work  also  In  other  substances  in  which  the  s^iue  pecttliarity  has  been  obeerred,] 
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fiitiou  of  atoms  in  the  Hquida  of  the  body  ittuaterl  between  the  electrodeg; 
and  since  in  particular  <>rganfl»  salts  may  be  thuiJ  produced  different  from 
those  previonj^ly  existing,  the  reanlt  of  the  action  may  be  irritation. 
The  first  of  these  modes  of  action  is  most  conspicnona  in  electricity  of 
great  intensity,  like  tbat  of  the  machine» — tlie  second  in  galvanic  elec- 
tricity: and  hence,  perhaps^  partly  mrisei  the  difference  between  the  sen- 
eationtt  produced  by  these  two  kinds  of  electricity.  Even  a  single  pair  of 
metaJlio  platen  connected  with  each  other,  and  with  different  parts  of  the 
bodyj  most  produce  transposition  of  atoms  and  chan^  of  composition^ 
and  this  h  the  priacipaL  cauae  of  ike  phenomena  observed  by  Galvani 
and  Humboldt. 


Osty^m-JSdlU  of  Htavff  Metallic  Omdu. 

The  compounds  of  oxy/fen-acids  with  bcairy  metallic  oxides  usually 
give  acid  and  oxyj^en  ^s  at  the  anode,  and  reduced  metnl  at  the  cathode, 
— no  evolution  of  hydrogen  taking  place,  excepting  when  tljc  electric  cur- 
rent is  too  strong,  aud  its  action  is  partly  exerted  on  the  water.  In  the 
ease  of  some  metallic  salts  ( those  of  manganese,  lead,  and  silver),  tlio 
oxygen  liberated  at  the  poRitivo  pole  combines  with  the  moral  lie  tixide 
there  situated,  and  forms  with  it  a  peroxide  which  is  precipitated.  If  the 
electrodes  are  formed  of  the  same  metal  as  that  coutained  in  the  solution, 
the  acid  and  oxygen  which  collect  at  tlio  anode  recover  by  dissolving  it 
the  metal  which  ibey  have  XohU  and  reproduce  the  original  salt;  thus  the 
liquid  remains  unaltered ^  and  the  anodt^  merely  loses  a  quantity  of  metal 
oqual  to  that  which  is  reduced  at  the  enthode. 

SalU  ftf  MangaiuA€  deposit  peroxide  at  the  positive  polt,  (Balard.) 

Sulphate  of  Zinc  A\sso\\^ii  in  water  yields  lino  at  the  negative  pole, 
in  the  form  of  a  powder  poesessing  the  metallic  Instrcv 

Fa»ed  Boratt  of  Lead  yields  lead  at  the  cathode,  oxygen  and  borocic 
acid  at  the  anode,  (H,  Davy.) 

Aqueous  solution  of  Nitrate  or  A^ietatt  of  Lead  y\e\ih  lead  at  the  nega- 
tive pole,  and  brnvin  peroxifle  of  lead  at  the  positive  pole.  (Faraday.) — 
If  a  voltameter  be  introduced  into  the  circuit,  it  is  found  that  the  volume 
of  oxygen  gas  evolvcil  at  the  anode  from  solution  of  acetate  of  lead 
amounts  to  only  -|'^  of  the  detonating  gas  collected  in  the  voltameter, — 
because  the  greater  part  of  the  oxygen  is  expended  in  fonuing  the 
peroxide  of  lead,  I  he  quantity  of  which  is  to  that  of  the  load  sepamted 
at  the  cathode  as  5  :  3  [1], — When  the  current  is  passed  thronirh  acetate 
of  lead  which  ba-9  been  dehyil rated  and  then  fused,  peroxide  of  lead  is 
likewise  produced  at  the  anode,  accompanied  by  a  slight  evolution  of 
oxygen:  for  every  0  parts  (I  atom)  of  water  decomposed  in  the  volta- 
meter there  is  obtainefl  at  the  catiiode  103'4  parts  (1  atom)  of  lead,  antl 
the  weight  of  this  leail  is  to  that  of  the  peroxide  produced  aa  3  ;  5  [1] 
(Matteucci,  Ann.  Chim.  Phy$,  71,  f  0.) 

From  a  solution  of  Prototulphnte  of  Iron,  acted  upon  by  a  battery  of 
100  pairs,  metallic  iron  is  depositcnl  in  small  granules  on  the  ptmiive  pla- 
tinum wire.  (Becquerel.) 

In  solution  oi  ^'^ulphate  nf  Copper,  the  negative  pktinum  wire  bocomefl 
covered  with  copper,  whde  acid  collects  and  oxygen  gas  is  evolved  at  the 
positive  wire.  When  copf^er  wires  are  used,  the  positive  wire  loaes  aa 
much  metal  as  the  negative  wire  gains,  and  the  iolution  rotatna  ita 
original  composition. 

When  active  iron  forms  the  anodo  in  solution  of  eulpbate  of  oopp<9r,  it 
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diafiolres  witbout  mny  copper  being  depMt^d  on  il ; — hut  when  tlue  eircnit 
p9  br»>keii,  the  depcisition  takc^  place  immediately*  A  passive  tron  wire 
piM^tiog  ns  anode,  aud  made  to  complete  the  circuit  hy  its  immermii, 

neither  attracts  copper  nor  disBolyee^  but  erolves  oxygen  gas.    (Scbdo- 

bein.) 

Solution  of  X Urate  of  Silvrr  depoeite  silver  on  the  ne^ttre  platinum 
wire,  and  crystalliEed  jicroxide  of  silver  on  the  positive  wire*  (Hitter, 
Ruhland,  Schw.  l.*i,  114  ) — In  fueed  nitrate  of  silver,  the  ano<le  evolves  a 
large  quantity  of  oxygen  gas,  while  the  cathode  becomes  covered  with 
one  atom  of  silver  for  every  atom  of  water  decomposed  in  the  voltameter. 
The  aqueous  solution  behaves  in  the  game  manner,  evolving  oxygen  at 
tlie  anode;  but  it  likewise  deposits  peroxide,  (Mattencci.) — Iron  wire 
acting  as  anode  does  not  oxidize,  but  lihemtes  oxygen  gas, — and  when  the 
curpeut  is  ftrong,  becomes  covered  with  peroxide  of  silver  (Poggendorif* 
J^offff.  54 J  S57) — Similarly,  posTtive  iron  acting  as  anode  becomes  coated 
with  peroxide  of  silver,  (Sehonbein.) 

Kobiir^  Nhiijit,  When  one  of  the  electrodes  consists  of  a  plate  of 
polished  metal,  the  other  of  a  fine  platinum  wire,  the  extremity  of  which 
approaches  the  plate  within  abont  half  a  line,  there  i?  often  produced  on 
thut  part  of  the  plate  which  is  immediately  under  the  wire,  a  coJoiire«i 
ring  or  point  surrounded  with  several,  often  four,  concentrie  coloured 
rings.  Thus  a  silver  plate  forming  the  anode  prodnces  coloured  rings  \u 
solution.^  of  phosphoric  acid,  carbonate  of  potash,  sulphate  of  ao^Ia,  sal- 
aminouiac,  chloride  of  potassium  or  sodium  (in  which  metallic  chloride^r 
rings  are  likewise  formed  on  copper  and  brass,  but  not  on  zinc  or  plati- 
num), tartar  emetic,  sulphate  of  zinc,  chloride  of  cobalt,  sulphate,  nilmte 
or  acetate  of  copper,  chloride  of  platinum^  &q.  Solutions  of  sulphate  of 
manganese,  nitrate  of  bismuth,  and  acetate  of  lead,  likewise  form  negative 
rinj:^^  on  plates  of  goM  or  platinum.  A  silver  plate  likewise  has  rings 
formed  upon  it  when  it  serves  as  the  cathode  in  solutions  of  tartar  emetic, 
fialts  of  copper,  or  chloride  of  platinum,   (Nobili.) 

[These  phenomena  belong  to  the  theory  of  Newton's  Coloured  Riogs, — 
and,  according  to  Faraday,  Warington,  and  Schonbein,  arise  from  pro- 
ducts of  decomposition  deposited  on  the  metallic  plate  in  films  of  various 
thickness.  These  products  of  decomposition  are  sometimes  formed  ool/ 
from  the  liquid ;  thu@,  salts  of  manganese  deposit  peroxide  of  manganese, 
^-ealts  of  lead  peroxide  of  lead, — and  salts  of  bismuth  probably  deposit 
peroxide  of  bismuth ;  and  these  deposits  form  coloured  rings  on  platCM^  of 
gold  and  platinum. — -Sometimes  the  deposits  arise  from  the  combination 
of  a  substance  separated  from  the  liquid  with  the  metal  of  the  plate  ;  thus, 
metallic  chlorides  form  on  silver  or  copper  insoluble  chloride  of  silver  or 
dichloridc  of  copper  j  and  the  oxygon  acids  or  their  salts  probably  form 
peroxide  of  silver  on  silver  plates, — When  the  silver  acts  as  cathode^  the 
rings  are  formed  by  films  ol  the  precipitated  metal  of  different  degrees  of 
thickness,] 

The  TiugB  producc>d  by  acetate  of  lead  exhibit,  on  chemical  analysis, 
the  reactions  of  peroxide  of  lead.  Iodine  in  a  state  of  sublimation  pro- 
duces the  same  colours  on  platen  of  silver  or  copper;  they  are  lilccwiso 
exhibited  by  any  metal  wliieh  when  heated  in  the  air  becomes  covered 
with  a  coat  of  oxide  continually  increasing  in  thickness.  (Wanngton, 
PhiL  Maff.  J.  16,  52,) 

The  more  oxidable  metals,  when  used  as  anodes  in  nitrate  or  acetate 
of  lead,  do  not  allow  of  the  formation  of  peroxide  of  lead ;  iron  alone 
forms  an  exception,  because  it  soon  passes  Into  the  passive  state :  an  troa 
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wire  under  these  ciroumstancea  quickly  and  repeatedly  becomes  red,  Idue, 
yellow,  red,  blue,  yellow,  kc.  The  colour,  howeverj  beeotnes  deeper  every 
time,  and  at  last  so  deep  tbat  tbe  diJJerent  tiats  cannot  bo  disiinguisUeX 
(Scbonbein.) 

To  form  a  Nobili's  monochromatic  deposit  on  platinum,  the  following 
solations  may  bo  used  ;  Chloride  of  manganese  in  8  parts  of  water,  sulphate 
of  manganese  and  potash  in  12^  acetate  of  manganese  In  15,  succinate  of 
manganese  in  16,  or  bippurate  of  manganese  in  1 2  parts  of  water.  A 
we II -poll. shed  platinum  eap«?ule  is  filled  with  one  of  these  solntions,  and 
connefUed  with  the  positive  pole  of  a  battery  of  4  pairs  of  plates  (each 
plate  36  square  inches  in  surface),  immersed  in  dilute  sulphuric  acid  (if  a 
fitrnnger  battery  is  used  the  r^ohition  of  the  salt  mudt  be  more  dilute);  a 
disk  of  platinuui  f  of  an  inch  in  diameter  is  then  dipped  horizontally  into 
the  liquid  to  form  the  cathode.  With  sulphate  uf  manganese  and  potash, 
or  with  succinate  or  acetate  of  manganese,  one  uniform  tint  is  iuvariably 
produced,  first  golden  yellow,  then  purple,  then  green;  the  current  nmst 
therefore  he  stopped  as  soon  as  the  desired  tint  is  completely  developed. 
With  hippurate  of  manganese  the  capsule  is  first  tinted  golden  yellow, 
then  of  a  eplendid  bluisli  purple  red.  Chloride  of  manganese  yields  very 
beautiful  broad  alternating  rings  of  purple  green,  golden  yellow,  and  blue, 
surrounded  by  a  broad  belt  of  golden  yellow,  (R.  Biittger,  Pof/<j.  50,  43.) 

Nobili*s  rings  may  also  be  formed  by  a  simple  galvanic  circuit  When 
a  plate  of  silver  immersed  in  a  s<:jlution  of  sulphate  of  copper  is  touched 
with  the  pftinted  extremity  of  a  piece  of  zinc,  there  are  formed  round  the 
point  of  contact  a  number  of  blue  and  green  rings,  which,  when  the  zinc 
is  removed,  run  through  several  changes  of  colour,  finally  becoming  dark 
blue  and  lightish  green. — In  the  colourless  copper  solution  fonned  by 
leaving  copper  filings  in  contact  with  a  saturated  solution  of  sal-ammoniac 
in  a  closed  vessel  containing  air, — silver  or  platinum  becomes  covered 
with  copper,  if  it  be  touched  below  the  surface  of  the  liquid  with  a  pointed 
piece  of  zinc; — hut  when  the  zinc  is  removed,  the  coating  of  copper 
gradually  disappears,  the  action  commcncifig  from  the  outside  (where  the 
coating  IS  thinnest)  and  proceeding  towards  the  middle.  (Fecbnor,  Schw, 
55 J  442.)  If  however  the  platinum  thus  covered  with  copper  be  immedi- 
ately dipped  into  water,  so  as  to  remove  the  animoniacal  liquid  by  which 
it  would  be  redissolvcd,  the  coppering  remains  permanent;  and  if  the  zinc 
be  left  for  a  longer  time,  about  two  minutes,  in  contact  with  the  platinum  in 
the  ammoniacal  solution  of  cojjpor,  until  it  evolves  gas  and  precipitates 
copper  of  a  black  colour,  the  platinum  loses  its  thin  coating  of  copper  and 
becomes  tinted  with  various  shades  of  yellow,  green,  red,  and  especially 
black,  which  latter  colour  it  then  retains  after  drying,  (R.  Bottger,  /.  pi\ 
Vhem.  a,  476.) 

(For  the  decomposition  of  organic  compounds  by  the  electric  current, 
vi(L  Oxalic  acid,  Tartaric  acid,  Acetic  acid,  Wood-spirit,  Alcohol,  Ether, 
and  the  Organic  Bases,) 


Decomposition  of  several  Liquids  in  Contact  with  one  another. 

When  the  electric  current  has  to  traverse  a  number  of  liquids  [or  to 
effect  a  transportation  <jf  at^mis  in  them]  which  are  either  in  immediate 
contact  or  separated  from  one  another  by  a  porous  body,  it  at  first  deposits 

VOL,  L  2  a 


4GC 


ELBCmrCITf- 


al  Ibe  anode  the  auiotta  of  thai  lic^utd  only  wKtcK  ii  tn  oaDl«ct  wil 
iaodtfl ;  but  after  tbe  current  had  acted  for  a  longer  timc»,  th€)  Miiont  < 
liquid  filtiiatod  at  the  negative  pole,  or  in  the  middle,  arc  likowUu  truis- 
ferred  lo  the  anode.     Similar  effects  are  produced  at  the  cathode,  i 

fAt  the  surface  of  oontaot  of  the  different  liquidiJ,  an  atom  of  anion  ofl 
the  liquid  situated  next  to  the  catliode  is  transferred  by  atomic  traBspoaj-rl 
tian  to  an  atom  of  cation  of  the  liquid  lyin^  next  to  the  anode,  and  thai  I 
the   anion-atoma  of  the  former  liquid   continually  a*lvanee   nr  ~  r        I 
nearer  to  the  anode,  and  the  cation-atoms  of  the  latter  to  tbti 
but  tboy  are  not  libersited  till  they  actually  reach  the  tl  '  u,  h  r  i 

,  example,  water  16  situated  at  the  positive,  and  hydrot  d  at  thiil 

[  liegati^'e  pole,  an  atom  of  water  is  decomposed  at  the  former  with  aepara- 
I  tion  of  oxygen,  and   an  atom  of  hydrochloric  acid  at  the  latter  wilJ^ 
[reparation  of  hydrogen*     By  atomic  transpomtion,  an  atom   of  hvdc 
'from  tbe  water,  and  an  atom  of  chlorine  from  the  hydrochloric  a<*»d, 
at  the  surface  of  .separation,  and  there  combine  to  form  hydr 

fApp.  33.)     The  first  atom  of  chlorine  whicb  paseee  the  boi. 
owed  by  a  Behind,  and  so  on ;  and  thus,  at  last,  the  coni]:rt5uud  *4 
and  hydrogen  arrives  at  the  positive  pole — and  not  till  then  It 
tine  set  free  at  that  pole.    If  sulphate  of  copjier  be  placed  at  the  ' 
and  water  at  the  positive  pole,  copper  ia  set  free  at  the  fonner  aim 
at  the  latter;  while  at  the  boundaryj  the  oxygen  of  the  oxide  of  copoer 
combines  with  the  hydrogen  of  the  water,  which  at  the  same  time  taKe< 
*  up  the  iulphnric  acid   previously  liberated. ^ — If  chloride  of  iodiom  ia 
'  iituated  at  the  negative,  and  sutphate  of  copper  at  the  positive  pole, 
'  Bodium  is  separated  at  the  former  (but  by  contact  with  the  water  it  formi  j 
I  soda  and  liberates  hydrogen) — oxygen  gas  and  sulphuric  acid  at  the  piMi- 
tive  pole:  chlorine  and  copper  combine  at  the  border,] 
I        For  makiug  experiments  relating  to  this  matter,  the  following  appall 
tfatus  may  be  used:  App,  2,  in  which  the  two  dii<hes,  cups,  or  tuljes^  a,  6|] 
rare  connected  by  moistened  fibres  of  asbeetus,  and  have  the  p<dar  wiret | 
rimmersed  in  them; — App.  3,  with  a  diaphragm  of  1»ladderj — the  U-tubo, 
■J  pp.  4,  which  either  contains  one  liquid  in  each  arm  (sometimeB  the  twal 
F being  in  immediate  contact,  aometimes  separated  at  U  by  clay,  cotton,  &<:»)t| 
jora  neavier  liquid  at  h,  and  a  separate  liquid  in  each  arm; — App.  5,  t4|] 
[which  similar  remarkfi  apply ; — App.  6,  in  which  the  liquids  are  eimplyj 
[laid  one  upon  the  other; — App.  7,  in  which  the  tube  a  is  closed  al   bot-j 
I  torn  by  a  piece  of  bladder  or  clay; — App.  8,  in  which  also   the  tubes  a  ftl 
[•are  stopped  with  clay; — App.  2,  of  which  the  same  may  be  gaid  as  of  1 
I  App,  2> — In  the  delineations  of  all  the.ee  arrangements,  a  galvanic  IratturjT 
must  be  fiupiwsed  to  be  introduced  in  place  of  the  galvanometer. 


Ttpa  Liqukh  m  twQ  DipUumi. 

When  water  is  separated  from  sulphuric  acid  by  a  membrane, 
current  is  less  obstructed  il  the  positive  electricity  be  conducte<l  into  the  1 
water,  and  the  negative  into  the  acid^  than  in  the  contrary  case.  (Mat*! 
touccj.) 

The  following  table  exhibits  a  ;ereneral  view  of  the  decompositions! 
observed.  Tbe  first  column  shows  the  apparatus  in  which  the  experiment  J 
was  mado;  the  second*  third,  and  fourth,  the  liquid.^  placed  in  the  positive] 
and  negative  divisions  respectively;  the  fifth,  sixths  and  seventh  columns  i 
ihow  what  substances  were  separated  at  the  positive  and  negative  polar 
wires,  which  usually  cousiated  of  platinum; — in  the  last  column  the  imm« 
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of  the  observer  is  given. — c  denotes  the  middle  vessel  occurring  in  aevem) 
airangemtmta.,  and  the  litjuid  contained  in  it. 
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1.  The  hydrogen  directly  separated  at  the  negative  pole  from  the 
■water  of  the  oil  of  vitriol  combines,  according  to  Faraday's  view,  with  the 
oxygc^n  of  the  sulphuric  acid,  and  precipitates  of  sulphnr. 

2.  At  first,  hydrochloric  or  hydritHlic  acid  collecta  in  the  positive 
division,  free  chlorine  or  iodine  ehowing  itself  only  when  the  current  haa 
t^D tinned  for  a  very  long  time.  Honco  the  hydrogen-acids  do  not  appear 
to  be  directly  decomposed,  (Cnnney.)  [This  is  a  conclusion  whichT  lus- 
cording  to  what  has  been  alreuily  observed  (p,  456),  we  are  not  obliged  to 
admit.! 

3.  In  these  oases,  also,  hydrochloric  or  bydriodio  acid  collects  in  the 
positive  cup,  bat  no  free  chlorine  or  iodine.  (ConnelL) 

4.  When  the  current  has  been  continued  for  a  certain  time,  all  the 
potash  is  found  in  the  negative,  and  all  the  acid  in  the  positive  cup. 
Other  salta  of  the  alkalis  likewise  behave  with  water  in  the  same  manner 
as  euiphate  of  potash.  If,  therefore,  the  pofiitive  cup  contains  water 
coloured  with  litmus,  and  the  negative  cup  water  coloured  w  ith  turmeric, 
both  liquids  became  reddened,  because  acid  is  tran.sfcrrcd  to  the  positive 
and  alkali  to  the  negative  pole,  from  the  salts  contained  in  the^o  colour- 
ing matters.  The  greater  the  length  of  the  asbestus  fibres,  or  the  distance 
between  the  positive  and  negative  wire,  the  more  slowly  does  the  trans- 
feronce  of  aeid  and  alkali  take  place.  Thus,  with  a  battery  of  lOQ  pairs, 
only  five  minutes  elapse  before  the  appearant^e  of  acid  In  the  positive  cnp, 
when  the  distance  between  the  jKdar  wires  is  only  an  inch ;  but  fourteen 
hours  are  required  when  the  distance  amounts  to  8  inches, — the  positive 
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and  tbe  middle  cop  f,  as  well  ma  tlie  twa  boiMilM  of  ulwfllnB  (Afp.  $X 
containtag  water. — If  water  coloured  Woe  by  litmtti  is  cooUiBeil  in  die 
pottiiiTe  and  oiiddle  cam,  aod  sulphate  of  potash  in  the  oegatiTe  cap,  the 
firtrt  reddeabg  takes  place  at  the  positire  mm,  and  not  in  tbe  middle 
or  the  two  bnadles  of  aebestos — ^allboo^h  tbe  sulphuric  acid  elimin 
from  the  negative  enp  is  obliged  to  paea  along  the  asbestua  fibie* 
through  the  middle  cup,  before  it  readies  the  poeitiro  wire.  SimUarhr , 
the  poeitiTe  cup  containg  sulphate  of  poladh,  and  the  middle  and  aegaiire 
cups  water  coloured  yellow  by  turmeric,  the  first  reddening  prodoeed  by 
the  liberated  potofib  appears  at  tbe  negative  wire.  (H.  Dayy.) — U  tM 
positive  arm  and  the  lower  part  of  the  negative  arm  of  the  U-tube  MjpP- 
4)  be  filled  with  solution  of  sulphate  of  potash,  the  portion  of  the  solatioit 
which  occupie.^  tbe  negative  arm  carefully  covered  with  a  layer  of  water^ 
the  water  with  wai^hed  cotton,  the  cotton  with  a  second  layer  of  watef, 
and  the  negative  wire  of  a  ^mall  50-pair  battery  immersed  in  the  latter, 
— ^potash  appears  in  the  upper  layer  of  water.  If  the  two  layers  of  water 
are  eoloureil  with  tincture  of  the  flower  o(  Af^a  rotea,  the  negative  wire 
dipped  into  the  solution  of  sulphate  of  potash^  and  the  positive  wire  into 
the  uppermost  layer  of  water,  reddening  at  first  takes  place  elose  to  the 
positive  wire, — and  not  till  the  upper  layer  of  water  is  completely  reddened 
does  any  red  colour  appear  in  the  lower.  (Gm.) 

5.  In  those  two  experiments,  either  the  positive  or  the  negative  cup 
was  made  of  gypsum  and  filled  with  water;  the  gjrpsum  was  gradually 
dissolved  by  the  water  and  decomposed.     (H.  Davy.) 

6.  The  positive  arm  of  the  U-tul>e  and  the  lowest  port  of  the  nega- 
tive arm  contained  a  concentrated  solution  of  nitrate  of  lime;  on  this  w^^ 
carefully  placed — first  water^  then  wet  cotton,  then  again  water.  '^l^H 
negative  wire  of  a  small  fifty-pair  battery  was  then  immersed  in  t^H 
upper  layer  of  water  for  forty-eight  hours.  Both  the  upper  and  lower 
layers  of  water  were  then  found  to  contain  lime;  a  small  portion  of  lime 
was  deposited  on  the  negative  wire,  but  the  greater  portion  in  the  form  of 
crystatlrzed  hjdrate,  at  the  boundary  between  the  nitrate  of  lime  and 
tbe  water*  When  three  layers  of  water  are  placed  in  the  negative  arm, 
separated  by  two  layers  of  cotton,  and  the  two  upper  layers  coloured 
with  turmeric,  reddening  at  first  takes  place  in  the  upper  layer  close  to 
the  negative  wire;  and  not  till  the  upper  layer  is  completely  reddened 
docs  any  tioge  of  red  colour  appear  fn  the  lower,  the  reddening  then  pro- 
ceeding from  the  upper  to  the  lower  part  of  the  layer.  Similar  remarks 
apply  to  the  green  colouring  which  takes  place  when  the  two  layers  of 
water  are  coloured  with  tincture  of  tbe  flowers  of  Alcea  ros^a.     {Gm.} 

7*  In  this  experiment,  magnesia  was  precipitated  in  the  middle  cup, 
but  did  not  reach  the  negative  wire,  (H.  Davy.)  Faraday  also  found 
that  when  water  perfectly  free  from  alkali  is  placed  under  a  solution  of 
sulphate  of  magnesia,  the  negative  wire  dipping  into  the  former  and  the 
positive  into  the  hitter,  tbe  magnesia  is  deposited,  not  upon  the  negative 
wire,  but  at  the  surface  of  sepanition  between  the  two  liquids.  I  h 
ohtMined  the  same  result  with  App.  4;  the  whole  of  the  magnesia 
dcpo.4^itcd  at  tho  boundary  l>etween  the  two  liquids,  none  at  the  negativ? 
wire.  [The  sulphate  of  magnesia  is  resolved  into  sulphuric  acid  and 
oxygen,  which  travel  towards  tbe  positive  pole,  and  magnefiiiim  which 
goes  towards  the  negative  pole.  Arrived  at  the  bonn*iary  of  the  two 
liquids,  the  magnesium  combines  with  the  oxygen  of  the  nearest  atom  of 
water,  and  forms  magnesia,  which  being  but  very  slightly  aolnblo  in 
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water,  is  precipitated.]  So  likewise  it  Vtrs  found  by  Bit  U,  Davy  tbat 
when  the  positive  cup  (App,  2J  contains  nitrate  of  ailver,  and  the  nega- 
tive cup  water,  metallic  silver  is  deposited  along  the  whole  length  of  the 
aebeMus  fihres. 

8.  Hisiiiger  Sc  Berzelios  employed  in  their  experiments  the  U-tube, 
the  open  ends  of  wbieli  were  turned  downwiirds  and  closed  with  stoppers 
through  which  the  polar  wires  passed;  the  bend  of  the  tube  had  an 
opening  for  the  purpose  of  collecting  the  gas  which  arose.  But  this  evo- 
lution of  gas  must  iiave  caused  tht^  fifpiids  to  mix. 

9*  No  cojn»er  reaches  the  negative  wire,  because  it  is  not  soluble  in 
water.     ( BeequereL ) 

10.  At  the  beginning,  crystals  of  sulphate  of  copper  and  potash 
are  deposited  in  the  negative  tube,  becauiiie  potash  gets  into  it:  these, 
however,  arc  destroyed  as  soon  as  the  nitrate  oi  potash  is  completely 
decomposed,  and  then  Bulphuric  acid  collects  in  the  positive  tube.  (Bee- 
quereb) 

11.  The  heavier  copper  solution  likewise  filled  a  portion  of  the  nega- 
tive arm  j  after  twenty- four  hours  action  of  a  twelve-ptiir  battery,  not  a 
trace  of  chlorine  was  found  in  the  liq|uid  of  the  positive  arm,  and  but  a 
slight  tinge  of  copper  at  the  negative  wire.     (Gm.) 

12.  On  the  lower  surface  of  the  bladder  which  closes  the  negative 
tube  containing  potash,  a  deposit  of  metallic  copper  is  formed,  mixed  with 
black  oxide  and  blue  lijdrated  oxide,  the  latter  possddy  arising  from  the 
ordinary  chemical  action  of  the  potash  on  the  copper-salt.  Similar  rela- 
tions are  likewise  exhibited  by  nitrate  of  leatl,  subnitrate  of  mercury,  and 
nitrate  of  silver,  and  by  the  protoaulphates  of  iron  and  palladium.  Sul- 
phate of  magnesia,  on  the  other  hand,  merely  deposits  magnesia  on  the 
bladder.     (Danielb) 

13.  In  this  and  the  following  experiments  of  Becquerely  the  solutions 
must  be  very  coucentrateil,  otherwise  nothing  but  water  will  be  decom- 
posed j  the  battery  must  also  contain  from  thirty  to  one  hundred  pairs  of 
plates.     Not  a  ttaee  of  hydrogen  h  evolved.     (BeequereL) 

14.  The  solution  of  chloride  of  gluduum,  and  that  of  chloride  of  zir- 
conium must  be  mixed  with  a  small  quantity  of  chloride  of  iron,— other- 
wise no  glucinum  or  zirconium  will  be  separated.  The  lirst  portions  of 
these  metals  deposited  on  the  negative  wire  contain  iroDj — the  subsequent 
portions  are  pure.     (Becquerel.) 

15.  Sulphuric  acid  always  collected  in  the  positive  arm,  but  the 
oecurrenco  of  ammonia  in  the  negative  arm  was  not  constant.  When 
tlie  positivt*  arm  and  tlie  lower  purt  of  the  negative  arm  of  the  U-tube 
c/>ntain  nitrate  of  lead, —the  sfdution  in  the  negative  arm  being  covered 
with  a  layer  of  cotton  an  inch  high,  mfiistened  with  solution  of  nitre,  and 
a  portion  of  the  same  solution  being  placed  above  the  cotton, — a  large 
quantity  of  peroxide  of  lead  is  deposited  on  the  positive  wire  after  twenty- 
four  hours  action  of  a  small  fifty-pair  battery,  but  no  lead  on  the  negative 
wire*     (Gm.) 


Two  Liquids  in  three  Diiti$io7i$,  one  Liquid  in  the  middle,  and  the  other 
in  the  two  exterior  Divi*ion$, 

All  the  exp*-'riment.^  of  Davy  and  Connell,  enumerated  in  the  following 
liable,  were  made  with  App.  O;  I>e  la  Bive,  on  the  otber  hand,  formed  hU 
(three  divisions  by  metuis  ot  two  upright  sheets  nf  bladder. 
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When  a  piece  of  blaflder  is  used  as  &  diaphnij^m  in  pure  water,  tbe 
common  5i:ilt  coolaine<l  in  it  is  ciecotnpofie<J,  chlorine  being  eliminated  at 
the  positive  and  tsodium  at  tlie  negative  poie.  (H.  Davy.)  (Hence  Pa- 
chiani's  supposed  generation  of  chlorine  fjom  water.  Gilb,  21,  108,  113, 
and  125;  22,  202/208,  210,  nnd  220;  2:3,  463.)— A  piece  of  inu.«cle  2 
inche.H  Kmg  and  |  an  inch  thick  being  kid  with  its  end«  dipping  into  two 
gla.«?5es  filled  with  w%'»ter,  and  eubjectetl  for  five  days  to  the  action  of  the 
cnrrent  of  a  150-pair  buttery,  becomes  dry  and  hard  and  leaves  no  f^aline 
residue  when  hnrut;  but  the  positive  cap  l/i  fonnd  to  contain  pliosphorie, 
sulphuric,  hydrochloric,  and  nitric  acid,  Jind  tht^  nepitive  cup  ammonia, 
potash,  soda,  and  iron. — When  a  well-woiilied  linger  h  dipped  into  the 
positive  and  another  into  the  oetjative  cup,  phosphoric,  sulpJinric,  and 
nydrochlorie  acid  collect  in  the  former,  alkali  in  the  latter.  (H.  Davy,) 

If  the  lower  ends  of  two  glass  tnhe.i  he  Ht«»p|Htl  up  by  a  piece  of 
muscular  dr^^h  kept  moist  by  ininirrwiou  in  water,  the  ttil^es  Jllled  with 
water,  and  an  electric  current  passml  into  the  water  for  twenty* four 
hours,  the  eufl  of  the  loece  of  fleaih  in  the  positive  tube  appears  like 
eoagnbted  white  of  egj;,  being  also  tmnsparent  and  destitute  of  smell; 
tliat  in  the  negative  tul>e  is  more  strongly  reddened,  appears  translucent, 
Bmell:?  putriti,  and  it<  covered  with  ii  coating  of  lymph.  The  slightly 
coloured  winter  of  the  positive  tube  contiiins  hyilrt*cnoloric  acid  with 
flakes  of  coagulated  albumen,  the  yellow i»h  water  of  the  negative  tube 
contains  soda.  (Hi dinger.) 

Minerals  likewise  contain — probably  from  the  sea- water  which  oaoe 
covered  them — certain  salts,  the  constituents  of  which  are  transferred 
under  pimilar  circnm«ta.ucc»  to  the  polar  wires.  If  a  cup  of  Carrara 
marble  be  placed  in  a  platinum  crucible,  water  T^K>ured  into  both  vejfsela 
till  it  reaches  a  little  above  the  edge  of  the  nmrhle  cup,  the  crucible 
connected  with  the  positive  pole,  ami  the  negative  wire  dtpj*ed  into  the 
water  of  the  marble  cup, — soda  as  well  as  lime  collects  in  the  latter^ 
Clay  elate  and  serpentine  yield  uoda  in  a  similar  manner.  Glass  veseela 
also  containing  water  through  which  the  electric  current  \b  pticaed^  are 
attacked  and  yield  soda  at  the  negative  pole.  (H.  Davy,) 
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L  Sulphuric  acid  begins  to  ehow  itself  in  the  water  in  five  mtnutet^ 
hydrochloric  acid  not  till  after  two  hours.  (H,  Davy,) 

2.  Baryta  appeara  in  the  water  after  the  lapse  of  some  minutes^  pataab 
in  an  houn 

3.  Pota^^h  instantly  ap|>ears  in  the  water,  but  no  baryta  nasiea  over 
into  that  liquid  even  in  ten  hour.H,  because  in  paaaing  through  the  »ulphale 
t)f  potash  in  the  middle  vessel  it  is  precipitated  in  tlte  form  of  siilpliate  of 
baryta.    (H.  Davy.) 

4.  HyilrwhloVie  aeid  could  not  pas%  over  to  the  water,  bceause  it  was 
precipitated  in  the  middle  vessel  by  the  sulphate  of  «ilver.  (H.  Davy.) 
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5.  Instead  of  potasb,  the  middle  vesse!  may  contain  ammonia,  soda, 
or  lime-water;  the  sulphuric  acid  will  still  go  through.  When  the 
alkaline  solutions  are  dilute,  sulphuric  acid  shows  iteelf  in  the  wj^iet  in 
five  minutes  (with  a  hattery  of  150  pairs);  bnt  throngh  concentrated 
potash  or  soda  it  pai^ce  hut  slowly*  Similar  effects  are  produced  whflo 
nitre  or  common  salt  i.s  substituted  for  sulphate  of  potash.  In  the  fiame 
manner,  hydrochloric  and  nitric  acids  pass  through  baryta,  or  strontiiii- 
water  in  the  middle  cu]k  But  if  the  nc^gativo  cup  contains  a  soluble 
sulphate,  e,g.  sulphate  of  potash,  and  the  middle  one  baryta-water,  the 
whole  of  the  sulphuric  acid  which  parses  into  the  latter  is  precipitated  aa 
sulphate  of  baryta,  and  no  acid  appear^s  in  the  positive  eiip.  When 
etrontian-water  h  placed  in  the  middle  cup,  a  trace  of  sulphuric  acid 
appears  iu  the  positive  cup  after  three  days  [probably  because  sulphate  of 
strontia  is  a  o  mew  hat  luore  soluble].     (H.  Davy*) 

6.  Instead  of  sulphate  of  potash  the  positive  cup  may  contain  any 
other  salt  of  potash,  soda,  lime,  or  magnesia,  and  the  middle  cup  may  ho 
filletl  witli  hydrochloric  or  nitric  acid  instead  of  sulphuric;  e.  ff.  nitrate  of 
lime  and  hydrochloric  acid,  sulphateof  soda  and  hydrochloric  acid,  chloride 
of  calcium  and  sulphuric  acid,  chloride  of  magnesium  and  sulphuric  acid; 
similarly,  salts  of  baryta  orstrontia  with  hydrochloric  or  nitric  acid*  Tbe 
base  always  goes  through  the  acid  in  the  middle  cup  to  the  water  in  the 
negative  cup;  the  stronger  the  acid  in  the  middle  cup»  the  slower  is  the 
passage;  but  with  a  battery  of  150  pairs,  decisive  results  are  always  ob- 
tained in  hm  than  forty-eight  hours.  If  liowever  ilio  base  should  form  an 
insoluble  salt  with  the  acid  in  the  middle  cup, — r.ff.  when  a  baryta  or  strontia 
salt  is  contained  in  tho  positive  cup  and  sulphuric  acid  in  the  middJe,—Uie 
base  never  reaches  the  negative  cup, — ^If  the  positive  cup  contains  proU^ 
sulphateof  iron,  the  middle  hydrochloric  acid,  and  tho  negative  cup  water, 
green  hydrate  of  protoxide  of  iron  appears  after  ten  hours  in  the  aebestns 
between  tbe  middle  and  negative  cup,  and  in  three  days  a  large  quantity 
of  hydrate  is  deposited  in  the  negative  cup.  Sulphate  of  copper,  nitrate 
of  lead,  and  chloride  of  zinc,  behave  in  a  niuiilar  manner.    (H,  Davy.) 

The  following  experiments  were  made  with  a  U-tube;  the  heavieit 
iHjuid  filled  the  curved  part^  the  two  others  the  arras.  The  current  of  a 
ten-pair  battery  was  pa^^seil  through  the  apparatus  for  twenty-four 
hours.  It  follows  from  tbese  experiments  that,  with  currents  of  «mall 
tension,  liquids  do  not  transmit  tlieir  constituents  very  quickly  to  the 
electrodes  farthest  removed  from  them.  (Gm,) 
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1.  No  copper  or  oxide  of  copper  is  deposited  on  any  part  of  the 
apparatus.   (Gm.) 

If  the  positive  cup  (App.  2)  contains  nitrate  of  baryta^  the  negative 
cup  sulphate  of  copprr,  and  the  asbestus  A  is  saturated  with  solution  of  | 
common  salt,  no  turbidity  is  produced  iti  the   nitrate  of  baryta  by  the 
action  of  the  current,  because  the  sulphuric  acid  which  is  carried  in  tho 
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dl  recti  on  of  the  positire  pole  remains  (aa  eulphata  of  soda)  in  tUe  solution 
of  CO  mm  on  salt,   (Becquerel.) 

These  experiments  are  decidedlj  opposed  to  De  la  Hire's  theory  of 
of  electrolysis,  (p.  433*) 

The  tube  a  (A pp.  7)  is  closed  at  the  bottom  with  clay  saturated  with 
acetate  of  aod%  and  contains  acetate  of  iron  with  which  is  mixed  a  trace 
of  acetate,  auljdiate,  or  nitrate  of  manganese;  it  is  likewise  immerst  d  in  the 
vessel  b  filled  with  nitrate  of  copper:  under  these  circumstances,  the 
current  of  a  single  pair  of  plates  is  sufficient  to  coat  the  p<)sitive  platinum 
wire  which  dips  into  a  {the  negative  wire  dipping  into  6),  with  hrown 
peroxide  of  manganese,  and  in  a  few  hours  to  separate  all  the  manganese 
from  the  iron  solution.  Sometimes  the  licjuid  in  a  acquires  a  transient 
rose  colour  towards  the  end  of  the  action.  A  salt  of  lead  (instead  of 
maogauese)  mixed  with  the  iron  salt  yields  hrown -black  crystals  of 
peroxide  of  lead  on  the  positive  wire,  as  long  as  any  lead  remains  in  the 
liquid;  in  this  case,  however,  a  battery  of  ecveml  pairs  is  required. 
(Becquerel.) 


Electrical  Polarization*^ — Secondary  Charge. 

When  an  electric  current  has  passed  for  some  time  from  two  homo- 
geneous (or  even  heterogeneous)  metals  into  a  liquid— if  the  metals  be 
then  separated  from  the  electrical  source  and  metallically  connected  {by 
means  of  a  galvanometer)  whilst  they  remain  in  contact  with  the  lifjnidj 
— ^a  current  of  electricity  pa>)ses  from  the  one  to  the  other,  through  the 
metallic  connection,  in  the  direction  opposite  to  that  of  the  original 
current;  that  is  to  say,  positive  electricity  passes  from  the  former  anode 
through  the  galvanometer  to  the  cathode.  This  ^econdar^  current  is 
often  profluced  when  the  two  pieces  of  metal,  after  being  acted  upnn  by 
the  first  or  primmy  current,  are  placed  in  contact  with  fresh  liquid  instead 
of  that  in  which  they  were  previously  immersed;  likewise  when  the 
liquid  which  has  been  exposed  to  the  action  of  the  curreixt  is  placed  in 
contact  with  two  fresh  pieces  of  metaL 

[The  secondiiry  current  is  for  the  most  part  referable  to  decomposi- 
tions produced  in  the  liquid  by  the  primary  current,  and  to  the  various 
products  of  deconipoailion  partly  deposited  on  the  anode  and  cathode, 
partly  collected  in  the  potjitive  and  negative  halves  of  tbo  liquid.  As 
aoon  as  the  primary  current  ceases,  a  chemical  reaction  of  these  products 
upon  each  other  and  upon  the  liquid  commences,  and  thus  an  electric 
current  is  produced.  This  current  always  takes  the  direction  opposite  to 
that  of  the  primary  current,  because  the  latter  has  accumulated  electro- 
negative substances  at  the  positive  pole,  and  electro- positive  substances 
at  the  negative  jiole.] 

Two  platinum  wires  conducting  the  electric  current  through  mercury 
do  not  become  polarized,  (Schonbein;  De  !a  Rive.) 

Platinum  wires  in  water  give  a  weaker  secondary  current  than  the 
same  wires  in  dilute  acids.   (De  la  Rive.) 

Electrodes  of  spongy  platinum  in  water  or  dilute  sulphuric  acid  give 
a  much  stronger  and  more  permanent  secondary  current  than  electrodes 
of  comjmct  platinum.  Platinum  wire,  the  surface  of  which  has  been 
brought  into  tlio  pulverulent  state  by  alternating  currents,  behaves  liko 
spongy  platinum.  (De  la  Rive.) 

Platinum  acting  as  cathode  is  freed  by  hydrogen  from  all  adhering 
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osjde.  and  tliu«  bronght  into  a  state  in  which  It  mat  be  sltirhtly  iie 
upon  by  water  containing  acids  or  air;  platinum  whien  han  been  usetl  ilb 
an  anoJe  (and,  in  a  leas  degree,  that  wbieh  has  been  exposed  to  the  air) 
is  coated  with  oiido.  This  chemical  difference  between  the  two  nieces  of 
platinum  produces  the  secondary  current.— If  two  plat  inn  in  plates  bo 
equally  well  cleaned,  but  one  dried  in  the  open  air  ana  the  other  in  vacuo 
o\'er  oil  of  vitriol,  the  former,  which  has  become  oxidized  by  exposure  to 
Iho  air  will  be  negatin?  towarda  the  latter  In  dilute  sulphuric  or  nitri* 
acid,  but  positive  in  itrong  nitric  aeld— because  this  acid  dissolves  the 
oxide.     (I>e  la  Rive.) 

If  a  cell  filled  with  dilute  sulphuric  acid  is  tennSnatod  at  itjs  two  en*ls 
by  a  zinc  and  a  platinum  plate,  and  divided  in  the  middle  by  a  ?!econd 
nlatinum  [date  into  an  exciting  and  a  decomposing  Cell — the  zinc  plato 
being*  connected  with  the  first  platinum  plate,  but  in  such  a  manner  that 
a  piece  of  paper  moistened  with  solution  of  iodide  of  potassium  may  b6 
introduced  into  the  circuit, — decomposition  of  the  iodide  of  potassium 
ensues,  and  the  needle  is  slight! j  deflected*  If  the  paper  be  then 
removed  and  the  circuit  metaOically  closed^  the  deflection  is  at  first  much 
etrougor,  but  soon  ceases  in  cousequeuee  of  the  polarization  of  thfl 
platinum  plates.  If  the  paper  be  then  reiutroduced»  no  more  decomiwsi- 
tion  of  the  iodide  of  potassium  ensues:  it  again  takes  place,  however,  if 
the  circuit  be  left  open  for  five  or  ten  minutes*  If  the  circuit  has  been 
metallically  closed  for  an  hour  or  tw^^  a  feeble  current  only  is  produced 
after  it  has  been  left  open  for  ten  minutes;  and  the  two  platinum  platci 
connected  by  the  galvanometer  now  produce  a  counter-current,  whereby 
positive  electricity  passes  from  the  first  platinum  plate  to  the  secoud. 
(Faraday.) 

In  dilute  hydrochloric  acid,  platinum,  gold  and  silver  gi^'c  8e<?nndaiT 
currents;  in  dilute  sulphuric  acid,  only  platinum*  This  metal,  bt>th  in 
pure  oil  of  vitriol  and  in  oil  of  vitriol  diluted  with  two  or  three  parts  of 
water,  produces  a  strong  secondary  current,  even  if  the  primary  current  bo 
80  feeble  as  scarcely  to  decompose  iodide  of  potassium.  The  secondary 
current  often  continues  for  hours,  gradually  diminishing"  in  power.  The 
wires  retain  their  polarization  longer  when  separate  than  when  united. 
When  the  secondary  current  has  ceased,  it  may  be  again  excited  in  the 
eame  direction  by  keeping  the  wires  separate  for  a  time,  and  will  bo 
more  powerful  the  longer  the  separation  has  lasted, — ^bot  always  feeblo^ 
A  secondary  current  is  likewise  ootained  when  the  negative  platinum  wire 
is  removed  and  replaced  by  one  which  has  not  been  used.  (Schonbein.) 

Copper  electn>des  exhibit  the  strongest  polarizatton  when  they  act 
upon  a  solution  of  common  salt ;  then  follows  water,  then  dilute  sulphuric 
acid,  then  dilute  nitric  acid.  For  when  the  current  is  made  to  act  upon 
the  water-cell  till  the  polarization  has  attained  its  maximum,  and  the 
plates  arc  then  removed  from  the  circuit  and  connected  with  the  chlorido 
of  sodium  cell  and  tho  galvannmetcr,  the  counter-current  amounts  to  14^; 
but  when  the  chloride  of  sodium  cell  has  been  exposcfl  to  the  current  of 
the  battery,  the  counter-current  excited  on  connection  with  the  wj\iQT  cell 
amounts  to  17"".  The  polarized  water  cell  connected  with  the  sulphurie 
acid  cell  give^  11*2';  the  p»dari zed  sulphuric  acid  cell,  on  the  contrary, 
connected  with  the  water  cell,  gives  only  5^]  and  the  polarized  nitnc 
acid  cell,  when  connected  with  the  water  cell^  gives  only  0*5",  (Bufl*.) 

The  primary  current  jwdari^es  both  the  electrodes  and  the  liquid, 
sometimes  tho  fonner  in  a  greater  degree,  sometimes  the  latter,  A 
eecondary  current  is  likewise  excited  whi^n  the  two  platinum  wires,  after 
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tbey  have  lieen  acted  upon  by  the  primary  current,  ar©  r©pl&ccd  by  two 
unused  wires  connected  to|j^ctlier  by  the  galvanometer.  If  the  vrim 
which  ha^  conducted  positive  electricity  iuto  dilute  hydrochloric  acid  in 
the  U'tulie  be  made  to  dip  into  the  negative  arm,  and  the  other  wire  into 
the  ]>oaitive  arm,  the  direction  of  the  eiirrent  will  be  anch  a«  to  show  that 
the  polarization  of  the  hydrochluric  acid  is  stronger  than  that  of  the 
wires.  With  sQlpharic  aeid  either  coucentrnted  or  dilute,  the  actitm  is  at 
first  exactly  the  reverse  of  that  just  deserilied,  positive  electricity  going 
from  the  wire  which  formed  the  anode  throti^h  the  fifalvanonieter  to  tho 
other  wire;  hut  this  current  gradually  dinlini^he«  and  is  at  hi^t  reverj*ed, 
— a  proof  that  the  pidarization  of  the  eulphuric  aciil,  though  wraker,  it 
more  la>iting  than  that  of  the  wires. — The  platinum  wires  through  which 
the  primary  current  has  passed  into  dilute  acid  like  wise  give  a  secondary 
current  when  immersed  m  freeh  dilute  acid, — A  current  80  feeble  as  no 
longer  to  cause  evolution  of  gas,  is  still  capable,  even  when  the  wires  are 
replaced  by  fresh  ones,  of  polarizing  liydrochloric  a<jid — which  on  the  whole 
is  susceptible  of  stronger  polarisation, — but  not  ^ulphnric  add,  in  the  case 
of  which  at  lea«t  a  trace  of  gas  must  be  evolved.  With  a  stronger  cur- 
rent, sulphuric  acid  retains  its  polarization,  even  after  it  ha^^  beeu  heated 
to  the  boiling  point  in  both  arms  of  the  IT-tubet  provided  the  portiona  of 
liquid  in  the  two  arms  have  been  prevented  from  mixing,  (Schrtnbein,) 

A  platinum  wire  whicli  has  fonned  the  anode  in  water  or  dilute 
sulphuric  acid,  loses  its  polarization  in  hydrogen  gas,  because  that  gw 
removes  the  oxygen  which  surrounds  the  platinum,  probably  in  the  state 
of  peroxide  of  hydrogen  [or,  according  to  De  la  Hive,  of  oxido  of  pla- 
tinum]; and  a  wire  which  ban  conducted  negative  electricity  (or  served 
as  cathode)  loses  its  polarization  in  chlorine  gas  or  bromine  vapour,  and 
more  slowly  in  oxygen  ga*,  those  substances  removing  the  hydrogen  [or, 
according  to  De  la  Rive's  view>  forming  a  coating  of  chloride,  bromide,  or 
oxide  of  platinum].  Both  wires  lose  their  polarization  by  ignition,  which 
removes  both  oxygen  and  hydrogen.  (Schonbciu.) 

VV^ire:^  and  lit^|uidB  may  also  be  polarized  by  ordinary  eh emteal  aiemni^ 
Clean  platinum  wire  placed  in  hydrogen  ga«  becomes  in  a  few  seeonda 
positive  towards  other  platinum  wires,  because  an  envelope  of  faydnsgeft 
is  formed  ar<Jijnd  it  [or,  according  to  De  la  Rive's  view,  because  it  ie 
entirely  free<l  from  oxide  by  the  hydrogen].  Gold  and  silver  are  not 
polarized  iu  hydrogen  gas.  In  oxygen  gas,  neither  platinum,  gold,  nor 
silver  is  polarizctl;  but  ull  three  of  these  metals  are  polarized  by  chlorine 
gas  or  bromine  vajwur.— Similarly,  dilute  sulphuric  acid  which  has  beeu 
shaken  up  with  hydrogen  gas,  is  poj^itive  towards  sulphuric  acid  not  so 
treated;  and  water,  after  being  agitatol  witli  hydrogen  gna,  ie  positive 
towards  ordinary  water,  when  the  electrodes  are  fonned  of  platinum, 
but  not  when  they  consist  of  gold  or  silver.  Dilute  eulphuric  at^id  agi- 
tated with  oxygen  gas,  gives  no  current  with  other  sulphuric  acid;  but 
dilute  sulphuric  acid  niixeil  with  bromine  or  chlorine,  is  neg?itive  towards 
ordinary  sulphuric  aeid  with  platinum  electrodes,  but  not  with  electrodes 
of  gold  or  silver.  {Schonl>cin.) 

A  platinum  pluto  which  has  served  as  positi^T?  |x>le  in  a  watery 
liquid,  absorbs  hydrogen  when  immersed  in  that  gas  [which,  according  to 
De  la  Rive,  combines  with  the  oxygen  of  the  oxide  of  platinum],  and  a 
plate  which  ban  fonned  the  negative  jwle  absorbs  oxygen  gas  [according 
to  De  la  Rive,  because  it  again  becomes  coated  with  oxide].  Platinum, 
after  immersion  in  oxygen  gas,  is  negative  in  a  watery  liquid  towards 
platinnm  which  has  been  immMMd  in  bydrogen  gas.  (Mattoucci.) 
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Charcoal  or  poroue  coke,  used  ae  tbe  negative  pole  in  a  wal«nr  Uqmi^ 
liberates  no  hjdro^cn  nt  Brat,  but  condenses  it;  hence  these  so&taiiocis, 
when  afterwards  p]llA^ed  in  a  Rolation  of  copper^  become  ooated  with 
copper: — when  they  act  a«  positire  pole,  they  liberate  oxygen — and  ;i/ter- 
wanlB,  wheii  innnereed  in  hydrochloric  acid,  eliminate  chJrfhniv   fSmrvv) 

Two  platinum  wires   used  as  the  electrodes  uf  a  '■  m 

solution  of  common  salt,  become  more  heterogeneous  tli  i  p- 

per.  (MariananL) — They  are  iKilarized  by  solutions  of  sulphate  or  |H^t:wh 
or  lirae^  iodide  of  potaasiiun  (most  strongly  in  thie),  sal-ammoniii>CT  chlo- 
ride of  barium,  nitrate  of  potash,  baryta,  or  Hm*:',  tartrate  of  fiotajxh,  or 
acetate  of  lime.  Again,  if  litmus  or  turmeric  pafKjr  be  nioisteued  with 
any  of  the^e  solutions,  and  the  electricity  of  the  fnachinc  made  to  act 
upon  them  by  means  of  two  platinum  wires,  till  decomposition  become 
luaaifest  by  change  of  colour^  the  platinum  wire^i,  when  connected  by  th« 
galvanometer,  will  give  a  secondary  current;  so  likewise  if*  after  the 
aeeotapogition,  the  platinum  wires  be  replaced  by  fresh  ones.  (HenriciJ 

Two  platinum  wires,  exposed  in  a  solution  of  sal -amnion  iao  to  toe 
primary  current,  exhibit  the  secondary  current  in  another  liquid  aUO} 
even  if  the  part  wliich  was  immersed  in  the  Brat  solution  be  cut  off;  il  ia 
then  however  weaker,  and  the  more  so  in  proportion  to  the  distance 
from  the  solution  at  which  the  wires  have  been  cut  off»  The  longer  the 
primary  current  is  continued,  the  more  powerful  is  the  secondary  current, 
if  the  primary  current  has  been  continued  for  thirty  minutes  (longer 
duration  avails  nothing),  the  wires  retain  their  polarization  for  several 
days;  it  is  weakened  by  nibbing  the  wirea,  (De  la  Rive.) 

Conductors  polarized  in  sal-ammoniac  excite  secondary  eurrenta  of 
varions  strengths  in  the  following  order^  beginning  with  that  which 
acts  most  powerfully:  Peroxide  of  manganese,  graphite,  charcoal,  pla- 
tinum, gold,  silver,  copper,  braes,  iron,  tin,  lead,  line.  (Pfaff,  JScAto.  SB, 
395.) 

If  two  silver  wires  be  made  to  act  for  twenty-four  hours  on  eolation 
of  sulphate  of  potash,  the  negative  wire  ceases  to  evolve  gas  as  soon  as 
the  circuit  is  broken;  but  the  positive  wire  evolves  as  much,  if  not  more 
than  before.  If  the  positive  wire  be  then  introduced  into  that  arm  of 
the  U-tube  which  previously  contained  the  negative  wire,  and  this  into 
the  positive  arm,  the  evolution  of  gas  still  continues  on  the  positive  wire, 
but  more  feebly;  in  an  unelectrified  solution  of  sulphate  of  potu^h,  the 
wire  does  not  evolve  any  gas. — When  zinc  is  used  as  the  positive  and 
iron  as  the  negative  pole  in  solution  of  sulphate  of  potash,  and  the  bat- 
tery continues  in  action  for  about  twenty-four  hours,  the  zinc  wire  gives 
no  more  gas  after  the  circuit  is  broken;  but  the  positive  iron  wire  often 
continues  to  evolve  gas  for  half  an  hour,  the  quantity  increasing  as  the 
iron  wire  is  brought  nearer  to  the  zinc  wire;  metallic  contact  of  the  Iwa 
wires  has,  however,  no  influence  on  the  evolution  of  ga^.  The  iron  wire, 
when  taken  out  of  the  liquid  and  again  immersed*  continues  to  evolve 
gas,  but  does  not  produce  any  such  effect  in  an  unelectrified  solution  of 
sulphate  of  potash:  frcish  iron  wire  liberates  no  gas,  even  from  the  elec- 
trified solution.  (Hisinger  &  Berzeliut*,  Gilb,  27,  287,) — This  enigmatical 
result  was  observed  by  PfafT  in  solution  of  sal-ammoniac,  (ScItuK  .>3,  77.) 

Iron,  copper,  or  zinc  wire.'?,  exposed  in  caustic  potash  to  a  weak  pn* 
mary  current,  afterwards  give  a  strong  secondary  current. 

If  the  cups  (App,  2)  contain  alcohol,  and  the  lead  wire  o  and  Cijpper 
wire  p  are  connected  for  some  hours  with  the  poles  of  a  20-pair  l^attery, 
while  the  silver  plate  ^  immersed  in  a,  and  ihe  silver  plato  i  immersed  Its 
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h  touch  onG  anotlter  at  h, — tlion,  on  connecting  tlie  two  eilv^er  plates  with 
the  galvanometer,  and  dipping  tliem  into  solution  of  common  Bult^  tho 
plate  which  has  been  immersed  in  the  positive  cnp  appears  more  positive 
than  tin,  and  that  which  ha^  been  immerecd  in  the  negative  cnp  almo.^t  ^ 
negative  as  gold.  The  oftener  the  silver  has  been  thus  treated,  the  moro 
quickly  does  it  assume  this  condition;  by  wiping  and  drying  the  plates, 
tne  peculiar  state  is  for  the  moat  part  destroyed,  GohJ  and  platinnm 
behave  like  silver;  lea<l,  tin,  copper,  and  braes  may  in  this  manner  bo 
made  more  positive  than  zinc;  in  iron  the  effect  is  not  produced  without 
much  greater  difticnltj.  But  when  copper  or  brass  which  has  been  ren* 
dered  positive  is  wiped,  it  becomes  more  negative  than  in  it^  natural 
state.  (  Marian  ini.) 

If  a  strip  of  zinc  in  the  circuit  of  the  voltaic  battery  conducts  positive 
electricity  into  boiled  water,  the  catliode  being  formed  of  platinum,  the 
pair  soon  becomes  indiflerent;  and  after  the  battery  has  w^orked  for  some 
minutes,  a  secondary  current  shows  itself  (in  which,  therefore,  positive 
electricity  goes  froni^  the  zinc  throu^^h  the  galvanometer  to  the  platinum); 
but  it  soon  comes  to  nothing,  and  remains  so  as  long  as  tiio  circuit  is 
closed* — If,  on  the  contrary,  the  potfitive  electricity  flows  through  the 
platinnm  iuto  water  freed  from  air,  tho  zinc  becomes  ten  times  more 
positive  tlinn  in  iti^  natural  state,  or  the  secondary  current  is  ten  times  as 
strong  as  that  which  would  be  excited  by  zinc  with  platinum  and  water 
not  previously  electrified*  (BnfF.) 

Also,  when  several  plutes  or  wires  of  the  same  metal  are  made  to 
alternate  with  layers  of  the  same  liquid,  and  the  current  of  a  battery  sent 
through  the  whole^then  the  circuit  broken,  and  the  two  outermost  plates 
or  wires  connected  by  means  of  a  galvanometer — a  current  in  the  opposite 
direction  to  the  former  passes  through  the  galvanometer  This  is  the 
principle  of  Ritter*s  Charging  PiJt  or  Secondary  Pile,  which  laid  the 
foundiition  of  the  theory  of  secondary  currents.  In  this  instrument  a 
number  of  plates,  all  of  the  same  metal,  were  disposed  in  alternate  layers 
with  moistened  pieces  of  paste-board,  and  subjected  to  the  current  of  a 
voltaic  battery.  Faraday  constructed  a  pile  of  this  nature  willi  plates  of 
platinum  and  [lieccs  of  paper  saturated  with  yellow  solution  of  sulphuret 
of  p<itassium.  Sir  H.  Davy  constructed  a  similar  apparatus  of  six  bent 
pieces  of  metaL  the  ends  of  which  dipped  into  six  vessels  containing  solu- 
tion of  nitre.  Witli  zinc  the  secondary  current  was  stronger  than  with 
platinum,  and  its  force  w^as  generally  greater  as  the  metal  was  more 
oxidable  and  the  solution  more  concentrated.  When  w^ater  was  used 
instead  of  solution  of  nitre,  it  was  very  weak.  If  the  six  bent  pieces  of 
metal  consist  half  of  copper  and  hiilf  of  zinc,  and  a  battery  of  fifty  pairs 
acts  on  the  arrangement,  in  such  a  manner  that  positive  electricity  always 
enters  tlie  liquid  through  the  copper  ends,  the  secondary  current  is  four 
times  as  strong  as  when  the  positive  electricity  enters  by  the  zinc  entls, — 
because,  by  this  arrangement,  acid  is  colleeted  round  tlie  zinc  and  potaah 
round  the  copper  (p.  389).  (H.  Davy,  Comp.  Marianini,  Ann,  Ckim, 
P/it/M.  38,  5.) 

If  an  electric  current  be  conducted  through  three  decomposing  cells 
filled  with  water,  till  the  polarization  has  attained  ite  maximum,  and  the 
two  electrodes  connected  thtough  tho  medium  of  a  galvanometer,  after 
the  removal  of  tho  battery, — the  «k'flcction  amounts  to  15  when  the  elec- 
trodes and  partitions  consist  of  platinnm,  to  5^  when  they  are  formed  of 
copper,  and  to  2*5''  when  they  are  formed  of  7inc,  (Bu IT.) 

Metals  may  likewise  be  polarized  in  a  simple  galvanic  circtiit.    Silver 
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•dioii  toirvfda  ooMir.  (Baft) 

Ccfpcr  fiBiwiia  tvi^  is 
mini  «f  ft  pkiitttOD  wxre     If  tlie  plstamt  wim  W  i 
br^«thr«»  ujft  (a  isw  d^Ti  aie  not  wmtUkmk)y  the  i 
ini;^  tU  Mffi&mtron  Ironi  |m  nncv  iqmsiim  I»^ 
twenty  <iftyt  At  iMit;  but  ta  fr«ii  lea  nilgir  it  voald  W 
lik^wite  W00I4  a  freeh  plate  of  copper  tn  tke  oricnftl  sea^wmter. 
Beet) 

Clmreoal  anil  porotii  eoke  b  eootael  with  aaidfKnatod  zinc  in  dllslt 
mlpburie  add*  d<»  not  elltniiiate  faydrogeo  gaa  but  laiker  take  It  up,  aad 
thavtlrv  luu^vire  tb«  j>owef  of  creating  tbetiiseiTe»  irttii  e^ffm  when  tm- 
nmma  in  a  solutioti  of  that  imstaL  (Smee,) 


Partitioni  or  Interposed  Platca. 

WhoTi  t  ho  ttlectric  current,  instead  of  paaeing  tbioagli  cme  ging^  por- 
iimi  of  liijuid^  in  itmdo  to  tmverjie  several  porttoua^  conneeted  hj  nietaltio 
plateji  (if  wiruM — tite  t»<j-oallotl  rartitions  or  Intervening  Flute^^-^or^  what 
OUnitB  ill  tlio  muiw  ihlngi  tHjpiimtot)  by  partitions  into  a  number  of  Become 
ptmnff^  liflnlrriicu  iiijf,  or  lUtaniinif  VdU, — then,  if  the  current  has  sufficient 
ttUMitai  to  overroiiio  tlie  renieittince*  decomposition  take^  pJaee  in  eaohodL 
E%Miry  «itrfn€o  of  tlio  purtitinne  wliicli  is  twrned  towards  the  anode  or 
poiiilivo  jiolu>  iu;tH  }u»  It  t'athcMto  or  negative  pole, — and  the  cations,  such 
UM  liytlrrijj:ei)  or  riictiilH,  are  libt^rated  upon  it;  and  every  surfaee  turned 
tciwardw  t1i(^  mtl»odo  or  lu^'ativo  polo  act«  as  an  anode  or  positive  pole,  ©n 
wbicib  tho  anioaH,  hxhAi  aw  oxy^^cn,  chlorine,  &c.,  are  evolved.  When  the 
teiiniou  uf  lIh^  ciimijit  i«  nuffick'nt  to  ovfircoine  the  increased  resi^tanoe, 
til(<  (lUiUitify  uf  ilio  proditrt*  of  dec<*n>posilioii  obtiiined  in  each  of  the  in- 
divimuil  df^cninpowinr;  rt.dlK  is  tlie  fiiunc  as  would  be  yielded  by  a  single 
oallj  and  thc^ruforo  tho  huih  lolitl  of  the  prodacta  01  deeoutpo.<=^ition  in- 
OfMUNM  iti  direct  i^roporticm  to  tlio  miniber  of  decomposing  celU.  Bni 
with  a  <!urr4'nt  of  Irsid  intensity,  tlie  greater  the  number  of  cells,  the 
Anialhir  im  tlio  aniouiit  of  deeompomtion  prutluced  in  each;  and  when  the 
tjimihi^r  i«  iiirreawoil  ln^yond  a  oertatn  limit*  decomposition  c 
altoKoihcr,  and  the  islrotrie  current  ia  stopped*  If  the  intervening  pi 
eCMiiiit  of  metalii  whieh  have  a  strong  tendency  to  attract  oxygeiit  € 
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rine,  and  the  olbep  mimn  of  the  liquid,  this  affinity  fa<?ilitat6a  the  deooBN 
position,  an4  renders  it  pos^jille  oven  wiiU  curronU  of  otmijmrativoly  low 
teuaion*  But  whetlier  the  decomposition  be*  strong  or  weak,  its  amount 
in  any  one  cell  is  exactly  th©  eame  as  in  any  other. 

[According  to  the  theory  already  hiid  down  (p.  433)*  the  electric 
Buids  do  not  paea  througli  the  ti4|nid,  but  combine  on  enterin;^  it  with  its 
constituent  elements.  If  the  two  cupa  o,  h  {A  pp.  2)  are  filled  with  water, 
and  connected  by  the  platinuru  wire  f^ki,  the  platinum  wire  o  being  con-« 
neeted  with  the  |M:tititiy6  pole  of  the  battery  dipping  into  a  and  the  negiv* 
liye  wire  p  into  &, — the  positive  electricity  which  issued  from  the  wire  a 
combines  with  oxygen,  and  the  negative  electricity  iasuing  from  the  wire 
p  with  hydrogen.  The  latent  electricity  or  oalorio  in  the  wire  ghi  ii^ 
resolved  into  negative  electricity  which  unites  at  ^  with  the  hydrogen 
there  evolved  by  atomic  transposition,  antl  positive  electricity  which  com- 
bine Ht  t  with  the  oxygen  there  eliminated.  Thus,  oxygen  gas  is  evolved 
at  o  and  **,  and  hydrogen  at  </  and  p;  and  moreover,  the  t|uantity  of  oxygen 
gas  in  a  is  exactly  the  same  m  that  in  6,  because  the  fujaitive  and  nega- 
tive electricities  act  in  eqnal  proportion;- — consequently,  eoual  quantities 
of  water  are  decomposed  in  a  an«l  6.  For  similar  reasons,  the  quantity  of 
hydrogen  gas  is  the  same  in  both  eel  Is.  As  with  two  ©ells,  so  likewiso 
w^ilh  a  greater  number:  in  all  cases,  the  latent  electricity  of  the  partitiona 
U  decomposed.  For  every  atom  of  oxygen  lil>erated  in  the  firdt  cell  by 
the  positive  electricity  proceeding  from  the  pole,  an  atom  of  hydrogen 
passes  over  to  the  Jirst  partition,  and  there  unites  with  the  corroaponding 
quantity  of  negative  electricity;  ho  that  the  quantity  of  positive  elec- 
tricity transferred  from  the  first  partition  to  the  oxygen  of  the  second 
cell  i.s  equal  to  that  which  passes  from  the  wire  o  to  the  oxygen  of  the 
first  cell,  and  the  number  of  atoms  of  oxygen  set  free  is  the  same  in  both 
plitOeif  &c.  SiG.  The  tlecomjiositiou  of  caloric  in  the  partitions  might  lie 
expected  to  produce  a  fall  of  temperature  in  them;  but  thia  effect  Is  more 
than  oompensated  by  the  tlevelopmeni  of  beat  whioh  aocompanies  the  de- 
conipofiitioE  of  water  (viti,  ieq,),} 

QuantUij  of  the  Products  of  DeccmposlHon. 

In  any  one  of  the  decomposing  cells,  the  quantity  of  detonating  gaa 
evolved  id  the  wamo  as  in  any  other.  If  tlio  current  bo  first  passed 
through  a  voltameter,  then  clivided  into  two  parts,  each  of  which  passes 
through  a  separate  voltameter,  the  last  two  together  yield  the  same 
quantity  of  detonating  gan  jik  the  first.  (Faraday.) 

If  in  a  battery  of  100  pairs,  the  contiguous  zinc  and  copperplates 
be  ftcqarated  at  tliree  or  four  points,  and  decomposing  cells  filled  with 
water  interpu.'^d  at  those  points,  the  quantities  of  detonating  gas  evolved 
ill  alt  these  cells  will  be  equal.  (Mananini.) 

Three  decomposing  cells  being  filled  with  dilute  sulphurio  acid — ne- 
gative electricity  conducted  into  all  tbreo  by  jdutinnm,  but  positiye 
electricity,  on  the  contrary,  into  the  first  by  platinum,  into  the  second  by 
copper,  and  into  the  thirtl  by  xinc— the  same  quantity  of  bydrogeti  giu  is 
evolved  on  the  platinum  in  all  three  cells.  At  the  t^ume  time,  a  lai^ 
quantity  of  hydrogen  is  evolved  on  the  zinc  [by  pure  chemical  action], 
and  does  not  appear  to  diminish  when  the  circuit  is  closed;  the  copper 
dissolves)  without  evolution  of  gtis.  The  same  quantity  of  gas  is  likewbe 
obtained  in  all  the  cells  when  they  are  filled  with  hydrochloric  acsid — end 
the  cathodes  are  fomied  of  platinum,  the  anodes  of  plaiinnm,  silver,  and 
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liiic    eaecqttitig  llkat  the  ehloride  ol  aQTer,  wbieli  is  comtmoaUj  J 
F  the  cttfreat  mme  and  more.  (Faraday,) 


r^niii^ii  and  QuantUif  of  the  EUctrie  Curreni. 

The  amalkr  the  n amber  of  pairs  of  plates  oi  which  a  battery  eomoMlM, 
CfTen  when  ihe  plates  are  very  large^  the  more  is  the  quantity  of  the 
eiUTeiit  ilimtitidbed  by  the  mtrodnrtion  of  a  partition  in  the  decontposiii^ 
cell,  if  the  cnrreiil  of  a  etrang  battery  be  weakened  by  the  inlerpoddoB 
of  a  nnmber  of  dooamfmaag  celU,  to  jsnch  a  degree  that  its  action  on  the 
■Mgnetic  needle  does  not  exceed  that  of  a  battery  consisting  of  fewer 
pHn^  the  current  of  the  latter  will  be  much  more  weakened  by  the  inter- 
piwitiaii  of  a  singie  partitton  in  the  Itqttid  which  it  traTerses,  tim  the 
CVTCBI  of  the  almdy  weakened  battexy  would  be  by  the  introiiiietMNi  of 
0mB  partt^cm  more.  (De  la  Rive,)  [The  quantities  of  the  two  carreola 
m  e^nal,  Wt  their  inteaattiee  different.] 

A  hoiltefy  of  40  paiia,  whieh  when  connected  with  one  Toltaaeler 
yioUa  S^8  eabic  liiebee  of  detonating  gaa,  giree  in  the  same  time  when 
t  irollaBMtan  are  need,  f  1  cnb.  in.  in  each,  or  42  enb.  in,  in  all.  In  the 
faiMii  cage,  89*4  atooH  of  linc  are  conjsnmed  in  the  whole  for  each  atom 
of  water  deeempoeed;  in  Ike  laltar,  only  48  S  atoms.  But  with  a  battery 
of  only  21^  pairs,  ooe  ToUuiRler  yields  52  eub.  in,  of  detonating  £&», 
with  a  ecQeanipilioB  of  linc  amonnting  to  34  atoms ;  and  with  two  Toita- 
,  only  14*f  enb,  in,  are  eyolved  in  each,  or  29*2  cub.  in.  in  the  two 
r,  the  eoBeoniption  being  97  atoms  of  zinc  for  every  atom  of  water 
(fkraday.) — With  10  pairs  and  three  or  four  decomposiw 
oeUs  coBtatBiiig  water  and  contieeted  by  platinum,  the  corrent  ia  so  mn^ 
wedkened  that  the  water  is  no  longer  irisibly  decomposed.  (Faraday.) 

If  a  cup-apparatus  consisting  of  eight  pairs  of  rinc  and  copper  in  solution 
of  common  salt  produces  a  deTiatiou  of  12~  in  the  electrometer  with  the 
aiatiBtawee  of  the  condenser — ^and  if  between  each  two  cootignona  cope 
then  mre  phiced  six  other  cnpe  filled  with  water  and  connected  by  bent 
Wffai  wma,  ao  that  there  are  48  iuaetive  cupa  interposed  between  8 
MttVe  oaas»^ — Uic  battery  ^ill  exhibits  a  force  of  1 2^ ;  but  on  closing  the 
eiteait,  the  cmieDt  ie  so  feeble  that  it  excites  no  couTulsions  in  frogs,  and 
eeureely  decompoaee  water:  when  60  inactive  cups  are  interpo^d,  no 
deeompoeitaon  takee  place.  (Marianini.)  [The  quantity  is  sensibly  dimi- 
naahed;  the  iotenatty  which,  donbtlee%  when  the  circuit  is  broken,  doaa 
1H»I  attain  ita  ataxtmnm  till  alker  a  considerable  time^  remains  the  i 


Nmmher  of  the  Decomposing  Cells, 

The  quantity  of  the  enrpenl  deeroaacc  ae  the  number  of  deoomj^ 
cells  is  tncreased;  but  the  Erst  cell  weakens  the  current  more  than 
aeoond,  the  seeoud  more  than  the  third,  and  so  on.    (Matteucci,  De  la 
Rire,  Faraday,  Buff.) 

If  the  exciting  cells  contain  tine  and  platinum  with  dilute  sulphnrio 
acid,  and  the  decomposing  cells,  platinum  plates  with  dilute  sulphurio 
acid,  the  following  effects  are  observed,  Tarying  according  to  the  number 
of  the  exciting  cells  \\  and  the  decomposing  cells  D : — 1  E  and  4  D :  cur- 
rent very  weak; — -l  E  and  1  D:  etill  no  perceptible  decomposition  of 
Water ;— ^  E  and  2  D  or  6  E  and  4  D :  very  feeble  current,  no  visible 
decomposition; — 2  E  and  1  D:  slight  decomposition,  soon  ceasing; — 4  E 
and  2  D  or  6  E  and  3  D:  no  viaiblo  decomposition;— 5  E  and  2  D :  slight 
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decompoaition  j—S  E  ami  ID:  deconi|io.sitiGn  ; — GE  and2l>:  no  visible 
dt^com  posit  ion.  Wiien  a  snuiU  ijuantity  of  nitric  acid  is  iiiixeil  with 
tbe  dilute  sulphuric  acid  of  the  decomposing  ceJI.%  the  current  becomes 
BirongeTt  because  the  hydrogen  of  the  water  Ciiu  then  combine  with  the 
oxygen  of  the  nitric  acid.  The  current  lis  likewi;?e  increased  by  iho 
addition  of  a  little  nitric  acid  to  tlio  liquid  in  the  exciting  celb,  because 
the  tcRJiion  is  thereby  augmented,  and  mo^t  of  all  by  the  addition  of 
nitric  acid  both  in  the  exciting  and  the  decomposing  cells.  The  carrent 
i^  not  increatvtnl  by  strengthening  the  sulpFinric  acid  in  the  two  kinds  of 
ceiis.  Hydrochloric  tickl  in  both  cells  produces  a  stronger  current  than 
sulpha ric  acid,  but  not  eo  strong  as  nitro-sulphuric,    (Faraday.) 

If  in  a  battery  of  111  pairs  of  platinum  and  am  alga  mated  zinc  in 
dilute  sulphuric  aerd,  one  of  the  zinc  plates  be  replaced  by  a  phitinora 
plate,  and  an  exciting  cell  thereby  converted  into  a  decomposing  cell,  the 
development  of  hydrogen  ga.s,  and  therefore  also  the  current,  is  reduced 
to  ^  of  its  former  umouut, — and  to  j*^  when  two  zinc  platetk  are  replaced  by 
platinum  plates,  and  therefore  the  circuit  is  matle  to  consist  of  eight  ex- 
citing and  two  decomposing  cells.  In  all  three  cases,  however,  the 
quantity  of  hydrogen  gas  evolved  is  the  same  in  all  the  cells.   (DanielL) 

If  there  be  disposed  one  above  the  otlier:  a  zinc  plate,  a  piece  of  cloth 
moieteued  with  water,  copper  1,  wet  cloth,  copper  2,  wet  cloth,  copper 
3, — and  the  strength  of  the  current  be  equal  to  1  when  the  zinc  la  con- 
nected by  the  galvanometer  with  copper  1, — it  will  he  reduced  to  ^  on 
connecting  the  zinc  with  copjier  2,  and  to  ^  when  the  connection  is  made 
with  copper  3.  If  a  copper  and  a  zinc  plate  be  irauiersed  in  a  trough 
filled  with  dilute  sulphuric  acid,  and  kept  constantlv  at  five  inches  dis- 
taiioe,~then  if  the  deflection  =  3^  when  no  partition  is  interposed,  it  will 
be  reduced  to  1^  by  the  interposition  of  one  plate  of  lead  between  the 
copper  and  zinc,  to  35'  by  two,  to  21/  by  three,  to  15^  by  four,  and 
almost  to  nothing  by  five  partitions  of  lead.  { Marian iui,) 

The  small  quantity  of  electricity  excited  by  one  pair  of  plates  in 
water  parses  through  four  decomposing  cells  containing  nitro-tinlpimric 
acid  without  much  diminution ;  but  the  larger  quantity  excited  by  one 
jKiir  of  (dates  in  dilute  sulphuric  acid  is  proportionally  much  more 
weakened^so  that  wlien  made  to  traverse  four  decomposing  cells,  it  does 
not  exceed  the  current  excite*!  by  water  (Buff.) 

If  the  quantity  of  the  electric  current  m  to  remain  the  same  when 
passed  through  two  decomposing  cells  as  when  pafliied  through  only  one, 
tlie  nuraber  of  pairs  of  plates  muat  bo  doubled.  For,  according  to  Ohni'« 
formula  {p,  414). 

r  denoting  the  resistance  of  one  decomjMiaing  cell;  and  when  the  number 
of  pairs  and  of  decomposing  cells  is  doubled,  we  have 

n  _  2  n  A 

~  2  n  R  +  r  -h  r 

which  IS  the  same  as  the  preceding  formula.     Hence,  each  deconifiMfaiff 

cell  requires  an  equal  amount  of  penetrating  force.     (Huff,  P^<j,  54, 108?) 

The   quantity  of  the   current  with  a  giren  number  of  jwiirs  and  of 

decorapoaing  cells  may  bo  determined  as  follows.  Let  -r  be  the  observed 
atrength  of  the  current  of  a  single  pair  metallically  connected  without  any 
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decomposing  cell;  n  the  immber  of  pairs; m  Uiat  of  tbe  decompoaiiig celU; 
n  tbe  ratio  of  tbe  re^istancf  of  tv  deconjposhig  cell  lo  iLtit  of  »u  exciting 
celi*  ^h\ch  ratio  varies  greatly  according  to  the  nature  of  the  liquids  ejii* 
ployed  in  the  exciting  and  decomposing  cells:  then  (BuflT), 

Q  =    ^-  ^ 

In  the  following  experiments  pairs  of  zidc  and  copper,  and  electrodas 
and  partitions  of  copper  were  employed.  In  series  A,  the  litjuid  of  die 
exciting  cell",  and  likewise  that  in  the  decomposing  c^Us,  is  water  (in  thi* 
€«ee  a  =  r35 ;  and  with  water  of  the  utmost  degree  of  purity,  a  would 
be  1-4  with  partitions  of  copper,  1>  7  with  partitions  of  xinc,  and  2*0  with 
partitions  of  platiTuini.)—Tn  t^eriea  B,  the  liquid  in  the  exciting  celia  if 
dilute  sulphuric  acid,  that  in  the  'decomposing  cells,  water  (in  thi«  gu0 
at  —  0  01). — In  series  C,  the  exciting  cells  contain  water»  and  the  decom- 
pojiiug  cells  dilute  nitric  aci«l  {in  this  ca^e  a  —  OOi)/) — e  denotes  the 
nnrnher  of  exciting  cells,- — d  tliut  of  the  decomposing  cellsj — ^  tbe  deflec- 
tion of  Gourjon's  jtrulvanometcr,  wliich  give«  ihe  quantity  of  tbe  current 
directly  ,- 


the  detlection  calculated  by  the  preceding  formula^ 

a 
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1 
1 
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2 
2 
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3 
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hV 

3-2 
2-3 
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5-0 

6-3 

70 

122 


y2° 

3-3 
24 
73 
5-2 

40 
8-4 
6-4 
5-2 

6-7 
12-2 
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1 
I 
I 
2 

2 
3 
3 
4 
4 
4 
5 
5 
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10 
10 
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B. 

9- 

12  5' 
tiO 
4  0 
33  8 
11*5 
34-2 
11  4 
4,'irt 
22-6 
15 
58 
28'4 
100 
3rr2 
121  0 
57*0 
39-6 


12** 

6 

4 
23*7 
12 

35-2 
12 
46*4 
23-7 

29-5 
19-U 
35-2 
109 
57*5 
39 
UU4 


d, 

1 
2 
3 
1 
2 
U 


18  2** 

IS 

16 

1$ 

18*5 

20 


183* 

17 

158 

19*1 

18*a 

30 


Ckennical  Nature  of  the  Liquid  and  o/tlte  Int^rpmed  Ptaim, 

The  main  sonrce  of  the  nsiHtanee  exerted  by  the  decompodng  cells  U 
this — tbiit  the  lic|uid  contained  in  them  must  Ik?  decomposed:  in  addition 
to  this,  there  is  alsu  the  Ief*8  powerful  resistance  arising  from  tlie  polari^ 
lation  of  the  intervening  plates,  which  takes  place  after  long  coutinueH 
action  of  tbe  current,  (Buff.) 

The  more  easily  deconipoBihlo  a  liffuid  is  in  its  own  natural  and  the 
greater  tbe  affinity  of  tbe  intervening  plates  fi»r  the  elements  af  tliai 
liquid,  tbe  IcHfi  is  the  resistance. 

With  100  paira  of  plate^Sj  four  dectiinposing  colb,  and  platinum  parti- 
lions,  tbe  resistance  of  the  decom[K»8ing  cells  h  smallest  when  they  con- 
lain  concentrated  nitric  a«?id;  then  follow  in  order:  hydrucblorio  acid* 
dilate  sulphuric  acid,  oil  of  vitriol,  valine  solutions,  and  lastly,  aqueons 
aolutiona  of  annnonia  and  potash,  which  do  not  offer  much  more  re^bt- 
anee  than  saline  ^lution9.  {De  la  Eivc«) 
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If  two  decoinposiijg  cella  witlj  platirmm  partitions  contain  two  liquids 
of  uiiet]ual  decomposibtlity — e.  </.»  watei*  and  dilute  sulphuric  acid — the 
current  passes  llirongli  tbym  more  ca^iilj  wiicn  tlic  positive  electricity  of 
the  latter  ie  conduciled  iuto  the  liquid  of  least  conducting  power,  L  e.,  tli© 
water,  and  the  negative  electricity  into  the  dilute  acid,  than  in  the  con- 
trary case.  (Matteucci.) 

The  current  of  a  single  pair  of  zinc  and  copper  in  water  or  dilute 
sulphuric  acid,  is  completely  stopped  by  three  or  four  decompoemg  cells 
with  copper  partitions,  when  thu  decomposing  ceJls  are  likewise  filled 
with  water  or  dilute  sulphuric  acid.  But  if  a  quantity  of  nitric  acid  be 
added  to  the  hitter,  sutiicicnt  to  produce  a  slight  action  upon  the  copper^ 
the  current  will  not  he  greatly  weakened,  even  by  a  considerable  number 
of  decomposing  cells;  the  copper  will  be  most  attacked  at  that  part  from 
which  tlie  poi^itive  electricity  parses  from  it  to  the  liquid.  (Buft'.) 

The  current  of  one  pair  ol  zinc  and  platinum  in  dilute  sulphunc  acid 
is  not  perceptibly  weakened  hy  three  decomposing  cells  containing  dilute 
sulphuric  acid,  wdien  the  partitions  consbt  of  ordinary  zinc  plates ;  but 
when  these  plates  are  amalgamated,  a  conaiderablo  diminution  of  power 
ensues.  Partitions  of  copper  give  free  paaaage  to  the  current  at  first,  but 
stop  it  completely  after  a  few  minutes,  probably  because  thej  become 
polarized.  On  turning  one  of  these  copper  plates  round,  the  current  is 
reproduced  for  a  short  time.  (Faraday,) 

If  the  decomposing  cells  contain  dilute  sulphuric  acid,  the  current  ia 
most  impeded  when  the  electrodes  and  interposed  plates  consist  of  pla- 
tinum; then  follows  lead,  then  copiwr,  then  tin,  then  cadmium*  If  a 
zinc  plate  enclosed  between  tw*o  moist  conductorSi  bo  placed  between  a 
pair  of  plates  of  a  voltaic  battery,  the  current  is  much  less  weakened  than 
it  would  be  by  a  copper  plate  introduced  in  a  similar  manner,  (De  la 
Rive.)- — Decomposing  cells  containing  dilute  sulphuric  acid  oiler  the 
greatest  resistance  to  the  cun'cnt  when  the  electrodes  consist  of  platinum ; 
then  follows  copjMsr,  then  zinc.  If,  on  the  contrary,  the  cells  contain 
ammonia,  copper  and  zinc  produce  the  same  amount  of  resistance. 


Voksme  and  Surface  of  the  Liquid, 

If  the  current  of  a  hattery  of  100  pairs  he  passed  through  decom- 
posing cells  by  means  of  platinum  plates,  each  of  which  presents  a  square 
inch  of  surface  to  the  liquid  on  either  side,  the  strength  of  the  current  19 
the  same,  whether  the  partitjoua  are  placed  at  the  distance  of  a  foot  or  of 
only  four  lines  from  each  other;  but  when  the  thickness  of  the  inter* 
posed  liquid  exceeds  a  foot,  while  its  section  is  only  one  square  inch,  the 
current  diminishes.  Consequently,  the  loss  of  the  current  in  its  passage 
through  the  liquid  is  almost  as  nothing  [or  in  other  words,  the  length  of 
the  portion  of  liquid  throughout  which  atomic  transposition  must  be 
eflectcd,  is  almost  without  iufiuence],  and  the  principal  loss  is  sustained 
in  the  passage  of  the  electric  fluids  lietween  the  plates  and  the  liquid 
[or  in  the  decomposition  of  the  liquid,  which  must  take  place  if  the  cur- 
rent is  to  pass],  (De  la  Rive  )- — Faraday  likewise  found  no  differemo©. 

The  current  passes  more  easily  when  the  partition  is  nearer  to  the 
anode  than  when  it  is  nearer  to  the  cathode.  (Matteucci.) 

Even  when  the  interposed  platinum  plate  is  nearly  a  foot  long  and 
the  polar  wires  arc  only  three  inches  distant  from  it,  gas  is  evolved  over 
tbe  whole  surface  of  tue  platinum  plate.     When  the  decomposing  cella 
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are  connected  by  wires  instead  of  plates,  the  evolntloD  of  gaa  beoomt 
in  ooQsequenoe  of  tbe  diminUheU  surface.  (De  la  Rive.) 

Particular  Casei, 

When  a  series  of  rapidly  alternating  cnrrents  is  made  to  pass,  by 
means  of  the  commutator,  from  a  Daniell  a  constant  battery  through  two 
cells  filled  with  dilute  sulphuric  acid,  the  following  effect^s  are  fd»scrvcJ, 
Tarying  acconliog  to  the  nature  of  the  metal  of  wtuch  the  electrodes  and 
interposed  plate  are  formed : 

With  platinum,  the  alternating  current  is  much  less  weakened  thsn 
a  current  which  passes  constantly  in  the  same  direction  (and  when  Clarke'g 
magneto-electric  apparatus  is  used — if  40  alternating  currents  follow  one 
another  rapiiOj  in  a  second,  and  the  platinum  plates  present  a  Uw;g« 
surface,  a  .slight  diminution  takes  place  just  at  fir-^t ;  but  when  the  surfaces, 
in  couset|uence  of  the  formation  of  pulverulent  platinum,  have  lK?eorac 
more  eur^ceptible  of  oxidation  and  reduction,  the  current  suffers  no  further 
diminution). — With  copper,  the  alternating  current  exhibits  nearly  the 
eame  quantity,  and  with  tin  and  cadmium  exactly  the  same,  as  in  the 
case  of  metallic  connection  without  decomposing  cellsj  whereas  the  con- 
tinuous current,  under  the  «ame  circumstances,  is  more  or  less  weakened. 
Lead,  which  cheeks  the  continuous  current  almost  as  much  as  platinum, 
and  at  the  same  time  becomes  covered,  on  the  side  by  which  the  positive 
electricity  parses  into  the  liijuid,  with  a  white  crust  [sulphate  of  leadt], 
which  iiu pedes  the  passage  of  the  current,  and  doea  not  appear  to  be  re- 
duced by  hydrr>geu, — offers  nearly  twice  as  much  resistance  to  the  passago 
of  the  alternating  current,  because,  by  the  action  of  such  a  current 
it  l^ecomes  coated  with  this  white  crui^t  on  both  sides.  A  similar  white 
crust  [nitrate  of  lead  1]  is  prmluced  in  nitric  acid  diluted  with  an  e^jual 
quantity  of  water.— In  solution  of  sal-ammoniac,  platinum  weakens  the 
alternating  current  less  than  in  dilute  sulphuric  acid  ;  chloride  of  platinum 
is  alternately  formed  and  decomposed  by  the  hydrogen.  (De  la  Kive.) 

If  a  cracked  ghkss  tube,  closed  at  bottom  and  filled  with  solution  of 
nitrate  of  silver,  be  immersed  in  a  glass  vessel  filled  with  water,  and  one 
of  the  polar  wires  dipped  into  each  vessel,  electric  action  takes  place 
through  the  crack,  and  decomposition  ensues,  though  but  slowly  ^-oxygen 
gas  being  evolved  at  the  positive  w^irc  and  on  the  side  of  the  crack 
towards  the  negative  wire  {peroxide  of  silver  being  at  the  same  time 
deposited  on  the  positive  wire),  and  silver  being  reduced  on  the  negative 
wire  and  on  the  side  of  the  crack  towards  the  positive  wire  (no  evolution 
of  hydrogen  lakes  place).  The  crack  acts  like  a  solid  conductor,  throtigh 
which,  on  account  of  its  narrowness,  the  decomposition  of  the  liquid  or 
the  trauiifereuco  of  the  liberated  elements  cannot  take  place.  (GrotthuBs^ 
Schw,  28,  315.) 

Union  of  Opposed  Batteriei, 

[To  the  theory  of  interposed  plates  likewise  belong  the  cases  in  which 
two  g;ilvanic  batteries  are  connected  together  with  their  plates  in  inverse 
order,  ko  that  their  cnrrerits  act  in  opposition  to  one  another.  In  thia 
arrangeinent,  the  exciting  celln  of  each  battery  act  as  decomposing  cells 
to  the  other.  The  current  of  the  one  battery  has  to  overcome  not  only 
the  resistance  wlfich  the  liquid  in  the  cells  of  the  other  battery  offers  to 
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its  decomposition,  but  likewise  the  resistance  arising  from  the  affinity  of 
the  electro-positive  metal  of  the  second  battery  for  the  anions  of  the 
liquid.  Unlesa  ttierefore  tlie  intensity  of  one  of  the  currents  far  exceeds 
that  of  the  other,  little  or  no  electric  force  appears  to  reaalt  from  such 
corahinations.  In  every  case,  it  is  not  the  qnantity  hut  the  intensity  of 
the  individual  curreats  that  determines  the  result,] 

When  a  battery  of  four  pairs  of  zinc  and  copper  in  salt  water,  which 
by  itself  produces  a  deflection  of  Si)°,  h  oppositely  connected  with  a  bat- 
tery of  four  zinc  and  copper  pairs  in  water,  which  gives  a  deflection  of 
only  6^,  the  deflection  is  reduced  to  nothing.  (Mariauini.)  [The  salt 
water  increases  the  quantity,  but  not  the  intensity  of  the  current;  hence 
the  tosuIl] 

If  five  zinc  and  copper  paira  A  in  cells  are  oppositely  connected  with 
five  other  pairs  B,  no  current  shows  itself,  even  thuugh  the  plates  in  A 
arc  immersed  in  spring  water  six  times  as  deep  as  those  in  B.  If  hydro- 
chloric acid  be  then  added  to  the  water  in  A,  no  current  is  at  first  apparent; 
but  after  a  time,  a  current  is  produced  and  gradually  increases  tillit  pm- 
duces  a  deflection  of  0  45°,  it^  direction  indicating  that  the  paira  in  B 
which  are  immersed  in  only  a  small  quantity  of  Mater,  are  more  than  a 
match  for  the  pairs  in  A,  although  the  five  pairs  A  in  water  acidulated 
with  hydrochloric  acid,  produce  by  themselves  a  deflection  of  4 47%  and 
the  five  pairs  B  in  spring  water,  a  deflection  of  only  r4^     {P'echner.) 

If  two  batteries  of  equal  numbers  of  plates,  A  zinc  and  copper,  B 
zinc  and  tin,  are  oppositely  connected — spring  water  being  u«?ed  in  both, 
A  is  found  to  have  the  advantage:  the  current  even  becomes  stronger  the 
higher  the  cells  in  B  arc  filled  with  water,  a  still  further  increase  taking 
place  when  hydrochloric  acid  is  added  to  the  i^ater  in  the  cells  B, 
(Fcchner.)  [The  tension  of  zinc  and  copper  exceeds  that  of  zinc  and 
tin;  the  cells  B  are  therefore  deconqHising  cells.] 

Two  series  of  cups  A  and  B,  each  consisting  of  five  equal  pairs  of 
zinc  and  copper^  are  oppositely  connected.  If  the  cups  in  A  and  B  are 
filled  with  spring  water,  a  slight  deflection  is  at  first  produced*  but  soon 
ceases.  On  withdrawing  a  pair  from  one  series,  the  needle  deviates  20**, 
but  soon  returns  to  0^  [in  consequence  of  polarization  1]  if  the  circuit  be 
kept  closed.  The  number  of  pairs  in  A  and  B  being  still  five,  but  the 
water  in  A  being  mixed  with  y^^  of  oil  of  vitriol,  A  shows  a  prepon- 
derance of  181^5 — but  this  is  soon  reduced  to  nothing  if  the  circuit 
remain  closed.  If  a  pair  be  then  withdrawn  from  apparatus  B,  and  again 
immersed,  a  deflection  of  50°  [from  cessation  of  polarization?]  is  produced 
in  favour  of  apparatus  A  (sometimes  no  deflection  takes  place).  Even 
the  mere  raising  and  ^Jinking  of  a  pair  of  plates  in  B  is  sufficient  to  pro- 
duce this  effect  J  tliongh  in  a  less  degree;  but  the  current  always  cca.^es 
after  a  tinjo,  when  the  circuit  k  kept  closed.  If  the  cells  of  B  contain 
spring  water,  and  those  of  A  contain  water  mixed  with  yJ  jj  oil  of  vitriol, 
a  deviation  of  dO°  is  produced  at  the  moment  of  closing  the  circuit,  but  it 
is  soon  reduced  to  nothing.  With  1 J  or  2  part^  of  oil  of  vitriol  to  100  of 
water  in  A,  no  deflection^is  produced.  With  2^  oil  of  vitriol  in  A,  a  slight 
deflection  is  produced  in  favour  of  B.  If,  however,  in  this  experiment 
the  water  of  the  cells  B  he  renewed,  a  deflection  of  90'  in  favour  of  A  is 
produced  on  clu.sing  the  circuit,  but  it  sinks  to  0  after  a  minute.  Like- 
wise when  from  3  to  20  parts  of  oil  of  vitriol  are  mixed  with  100  parts 
of  water  in  A,  there  is  sometimes  no  current,  sometimes  a  feeble  one 
which  soon  ceases,  tlie  direction  being  sometimes  in  favour  of  the  acid 
cells,  sometimes  of  the  water  celk— If  the  five  cells  of  B  contiiiu  spring- 
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water,  those  of  A  100  parts  of  m-ater  witli  10  of  Lydrochlonc  acid,  no 
current  is  apparent.  When  tlio  l>y<Irochloric  acid  amounts  to  15  parts, 
tho  ilpfleetlun  h  first  0  ,  then  40^^  in  favour  of  B,  then  0%  and  then  o^m 
a  dctloftion  takes  place  in  favour  of  the  water  cells:  these  alternations  are 
several  times  repeated.  With  20  or  25  jnirts  of  hydrocliloric  acid,  there 
is  a  defloction  in  favour  of  B,  continuing  for  some  time;  with  30  pajta  of 
acid,  a  still  stronger  deflection  m  the  same  direction;  but  in  a  second 
expcrinieut  ma^le  in  the  same  manner,  no  current  was  apparent.- — If  the 
cells  of  B  contain  spring  water,  an*]  those  of  A  a  mixture  of  100  parts  of 
water  with  from  5  to  20  parta  of  nitric  acid,  no  current  is  apparent;  with 
25  parti*  of  nitrio  acifl,  a  long  continued  current  of  SO""  in  favour  of  the 
water  cells;  with  80  parts  tyf  acid,  the  same  current  hut  weaker. — In 
most  of  these  experiments^  the  plates  of  B  may  be  replaccil  by  platinum 
wires  as  soon  as  the  currents  have  become  equal;  the  current,  which  may 
perhaps  ap|>ear  at  the  beginning,  soon  ceases.  It  apjiears,  tlien,  thai 
the  deflection  is  sometimes  iu  favour  of  the  acid  celliii,  sometimes  of  the 
water  cells — a  circumstance  which  probably  arises  from  !*light  alteratians 
in  the  surface  of  the  plates — since^  when  the  number  of  pairs  is  the  same, 
the  currents  produced  by  acid  and  water  have  the  same  inteDsitj. 
(Schonbein,) 

When  the  lifjiiid  is  dilute  sulphuric  acid,  six  pairs  of  zinc  and  copper 
are  about  equal  in  power  to  nine  pairs  of  zinc  and  iron.     (Poggendorn.) 

Imperfect  PartUtom, 

Wlien  a  partition  divides  a  watery  liquid  imperfectly,  less  gaa  is 
evolved  on  its  two  surfaces  than  upon  the  two  electrodes, — because  a  por^ 
tiou  of  the  current,  instead  of  first  passing  into  the  partition,  goes  round 
it  through  the  liquid  from  one  electrode  to  the  other. — When  the  two 
ends  of  the  galvanometer  are  immersed  in  the  liquid  on  which  the  electric 
current  is  acting,  a  current  is  produced  in  the  liquid  itself.  This  current 
is  strongest  when  the  ends  of  the  galvanometer  are  situated  in  the  straight 
line  between  the  electrodes,  and  stronger  when  they  are  nearer  to  one 
electrode  or  the  other,  than  when  thej  are  more  in  the  middle  of  the  liquid. 
But  the  current  in  the  galvanometer  likewise  shows  itself  when  the  two 
ends  are  immersed  at  a  considerable  distance  from  the  straight  line 
between  the  two  electrodes,^alraost  throughout  the  whole  liquid,  if  it  be 
two  feet  in  diameter — ^and  at  a  greater  distance  from  the  straight  line 
between  the  two  electrodes,  in  proportion  as  the  liquid  is  a  less  perfect 
contluctor.     (Do  la  Rive.) 

[The  transposition  of  atoms  in  the  liquid  proceeds  partly  from  on© 
electrode  to  the  other  round  the  imi>erfect  partition,  whether  it  be  a  plate 
or  a  wire;  and  partly  from  the  two  electrodes  to  the  partition  itself, 
whoso  latent  electricity  it  decomposea,  causing  various  products  of  de- 
composition to  make  their  appearance  on  its  surface.  When  the  ends  uf 
the  galvanometer  are  immersed^  the  latent  electricity  in  the  wire  ts 
decomposed,  and  produces  a  current.  The  less  easily  the  liquid  conducts, 
the  greater  appears  to  be  the  distance  between  the  lines  in  the  direction 
of  which  the  transposition  of  atoms  may  take  place.] 
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Movements  of  Mercury  in  the  circuit  of  the  Voltaic  BaUery, 

When  mercury  is  put  into  a  U-tnbe  half  an  inch  wide,  in  quantity 

sufficient  nearly  to  fill  it — water  poured  on  the  surface  of  the  mercury  in 
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botli  amis— and  tbe  golden  polar  wires  of  a  voltAic  buttery  dippod  into 
the  water, — tlie  Burfaci*  of  the  mercury  nearest  tlio  negative  polo  beeonies 
covered  with  oxide,  and  remain.s  tranquil;  but  the  surface  connected  with 
the  positive  polo  evolve*  hydrogen  gas  and  produces  n  disturbiiuce  in  the 
water,  so  that  liglit  powder?,  such  as  sawdust,  or  amall  lamlnie  of  mica, 
move  up  and  down  in  it,  at  first  to  the  height  of  an  ineh^  afterwards  to 
that  of  a  liue, — formin*T  a  circular  xone  when  the  positive  ann  is  placed 
uprfght,  and  when  it  is  placed  in  a  slnuting  position,  eolleotiiig  on  the 
opposite  Side  and  rotating  on  their  axes  in  tho  midet  of  the  Water— ^If 
the  positive  wire  be  made  to  touch  the  mercury,  tbe  powder  immediately 
niove«  towards  the  point  of  contact,  and  attaches  itiself  to  the  wire;  if 
the  wire  be  separated  from  the  mercuiy,  t!ie  powder  llies  towanls  tbs 
fiides  of  the  tube  und  re.^umes  it^  former  motion. — If,  while  tbe  two  polar 
wires  are  immersed  iu  the  water,  a  third  wire  not  eonuected  with  tho 
battery  be  dipjjed  into  the  water  of  tbe  positive  arm,  it  pushes  the  parti- 
cles of  the  powder  aside,  and  modi  ties  their  motion,  wliich  ceases  entirely 
as  soon  as  the  third  wire  ia  brought  iuto  contact  with  the  mercury.  (Ger* 
boin,  Ann.  Chlm.  41,   IdB;  also  Oil^.  1 1,  340.) 

The  same  experiment  with  a  U-tube,  a  quarter  of  an  inch  diameter,  tU© 
columns  of  %vater  and  mercury  being  two  inches  high: — The  mercury  in 
the  negative  arm  becomes  covered  witli  oxide  and  remains  tran"|nil:  that 
in  the  positive  arm  rises,  v?hilst  the  waiter  insinuates  iti^elf  by  f^udden  starts 
continually  deeper  aud  deeper  between  the  mercury  and  the  sides  of  the 
tube,  and  then  mounts  up  again.  Powder  introduced  into  the  water  of 
the  positive  arm  moves  in  vortices,  the  motion  increasing  as  the  water 
sinks  to  a  greater  depth  between  the  mercury  and  the  surface  of  the  glass. 
When  the  drcuii  is  interrupterl,  tho  mercury  sinks  to  its  former  level  and 
again  comes  in  contact  with  the  sides  of  the  tube.  If  tho  tube  be  smeared 
internally  with  fat  or  lycopodium,  the  water  does  not  sink  between  the 
mercury  and  the  glass,  and  ncj  motion  is  apparent.  If  the  positive  wiro 
bo  placed  at  the  i^dge  of  tbe  tube  at  a  distance  of  only  a  quarter  of  a  line 
from  tbe  mercury,  that  liquid  rises  up  on  it  and  leaves  it  again,  and 
thus  gives  rise  to  continued  oscillations  in  both  arms,     (Erman.) 

If  a  globule  of  mercury  two  or  three  lines  in  diameter,  h^  covered 
with  a  small  quantity  of  water,  and  the  tw*o  polar  wires  dipped  into  tho 
latter,  in  such  a  manaer  that  the  positive  wire  may  be  within  a  short  dis- 
tance of  the  mercury,  that  liquid  extemls  itself  out  in  a  line  till  it  touches 
the  positive  wire — then  starts  quickly  back  and  becomes  rounded  on  tho 
surface- — then  extends  itself  in  the  direction  at  right  angles  to  that  of  tho 
former  extension — ^agaiu  becomes  round — then  again  extended— ^atid  at 
length  comes  in  contact  with  the  wire,  Kx.  &c.      These  motions  take 

I  dace  so  rapidly  that  nothing  is  seen  but  a  shining  star,  and  go  on  as 
ong  as  the  current  continues.  When  tbe  negative,  instead  of  the  positive 
wir^  is  brought  near  the  mercury,  no  motion  ensues,  because  the  mercury 
beoonies  covered  with  oxide.     (Hellwig  it  Ennan,  Pof/f/.  32,  289.) 

If  mercury  be  covered  with  a  thin  tilm  of  water,  and  the  lower  stir- 
face  of  a  round  plate  of  iron  placeil  in  contact  with  the  water,  so  as  to 
adhere  to  it,  tho  plate  being  suspended  from  one  arm  of  a  balance,  whilo 
the  other  arm  is  loaded  with  a  counterpoise  just  sufficient  to  cause  the 
water  to  rise  in  a  cylinder  under  the  plate-— and  the  mercury  bo  then 
connected  with  the  negative  pole  of  a  liattcry  of  100  pairs,  and  the  iron 
plate  with  tbe  positive  pole,^ — the  water  which  has  been  elevated  in  the 
cyhoder  spreads  itself  with  a  jerk  over  tlie  whole  surface  of  the  mercury, 
and  pulls  the  plate  down  with  it;  but  the  plate  imtuediately  rises  again  to 
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!  beroTC.  The  water  then  moves  continually 
the  radii  of  the  iron  plate,  the  mercury  at  the 
same  time  ac(|uiriDg  a  sliojht  motion,  which  is  commujiicateil  to  the 
balance.  On  breaking  the  circuit,  the  water  returns  so  quickly  under  the 
iron  plate  that  the  latter  is  loosened  from  it, — If,  on  the  coutrary,  the 
mercury  is  connected  with  the  positive  pole^  the  jerk  and  the  diffusion  of 
the  water  are  much  le^g  conspicuous.;  the  water  does  not  move,  the  mer- 
cury becomes  covered  with  a  film  of  oxide,  and  no  sudden  sepiinitioti 
takes  place  on  breaking  the  circuit.     (Erman.) 

If  the  ne;^ativc  wire  l^e  made  to  dip  into  mercury  covered  with  a  smmll 
quantity  of  water,  and  the  positive  wire  into  tlie  water  above  it  near  the 
side  of  the  dish,  t!ie  mercury  rises,  at  the  moment  of  closing  the  circuity 
to  the  height  of  threo-qiiartere  of  a  line  under  the  positive  wire,  the  water 
at  the  same  time  sinking  to  an  equal  depth.  This  state  of  things  dimi- 
nishes a  littlo  while  the  circuit  remiiins  closed,  and  suddenly  passea  into 
the  original  state  as  soon  as  the  circuit  is  broken,     (Erman,) 

A  drop  of  water  into  which  the  positive  wire  dips,  placed  upon  mer- 
cury into  which  the  negative  wire  dips,  flattens  itself  out  forcibly  every 
time  the  circuit  is  closed,  and  spreads  itself  over  the  surface  of  the  mer- 
cury. On  throwing  any  fine  powder  into  the  water,  oscillating  currents 
are  observed  proceeding  from  the  positive  wire  to  the  circumference,  and 
thence  again  to  the  positive  wire.  If  the  positive  wire  touches  merely 
the  highest  point  of  the  drop  of  water,  the  mercury  acquires  a  continued 
oscillation,  and  the  water  is  thrown  up  and  down  with  great  violence, 
spurting  half  an  inch  high  up  the  wire;  at  t!ie  i^ame  time  it  expands  and 
contracts  with  equal  violencie  in  the  horizontal  direction,  \Vhen  the 
negative  wire  dips  into  the  water,  and  the  positive  wire  into  the  mercury, 
the  latter  fluid  becomes  covereil  with  a  film  of  oxide  wliich  interferes  with 
the  motion;  the  drop  of  water,  however*  flattens  itf?elf  out  in  the  sanio 
manner,  but  does  not  contract  again  when  the  circuit  is  unclosed*  Oil  of 
vitriol,  which,  in  consequence  of  stronger  adhesion,  spreads  itself  over 
the  whole  surface  of  the  mercury,  collects  rapidly  round  the  wire  when 
tk^  ciruit  is  closed  {the  wire  not  touching  the  mercury),  and  again  apreaxls 
itself  over  the  surface  of  the  mercury  when  the  circuit  is  interrupted. 
(Erman.) 

If  a  column  of  mercury  three  or  four  lines  In  length,  be  drawn  op 
into  the  middle  of  a  glass  tube  half  a  lino  in  diameter,  the  tube  filled  on 
the  right  and  left  of  the  mercury  with  water,  and  the  polar  wires  made  to 
dip  into  the  water,  the  column  of  mercury  l>ecomes  elongated,  the  water 
insinuating  it.self  between  it  and  the  side  of  the  tube:  on  unclosing  the 
circuit,  the  water  is  again  suddenly  proje<»ted  from  the  tube.  When  the 
circuit  is  closed  for  a  longer  time»  the  extrenjity  of  the  mercurial  column 
next  to  the  negative  pctle  becomes  covered  with  a  film  of  oxide,  which 
breaks  after  a  few  minutes,  and  shrinks  up,  the  mercury  approaching  the 
pole  by  about  half  a  lino;  then  a  new  film  of  oxide  is  formed,  and  broken, 
and  the  mercury  again  moves  towards  the  negative  pole — and  so  on. 
The  oxide  remains  attached  to  the  tube.  With  machine-electricity, 
nothing  of  the  kind  takes  place.     (Erman,) 

If  oil  of  vitriol  be  poured  upon  mcr<*ury  in  a  ba^'^in  four  or  five  inches 
in  diameter,  and  the  polar  wire?s  dipped  only  into  the  acid  on  two  oppo- 
8ito  sides  of  the  basin,  all  the  liquid  at  the  positive  pole  is  pressed  back- 
wards and  heripe<l  up  at  some  di^tjince  from  it— forming  a  dam,  from  the 
middle  of  which  two  currents  proceed  towards  tlie  positive  pole,  and 
thence  right  and  left  along  the  sides  of  the  basin  towards  the  dam  at  the 
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negative  pole.  The  motiirn  goes  on  for  a  qunrter  of  an  liour,  lil!  sulphur  is 
prccijiitated  hdiI  accuimilatcs  in  the  dani»  Similar  motions  are  cxhibitt?d 
by  aqyeous  solution  of  carbonate  of  pota^^h.  fErman,  Gilb.  82,  261; 
graphic  representaticms  of  the  currents  are  given.) 

If  mercury  purified  hy  distillation  and  agitation  with  nitric  acid,  be 
placed  in  a  Wedgewood  bitsin,  and   covered  to  the  depth  of  a  cjunrtcr  of 
an  inch  with  oil  of  vitriol,  and  the  polar  wires  of  a  battery  dipped  at 
opposite  points  into  the  oil  of  vitriol,  but  not  into  the  niorcu rj,  a  quick 
circular  motion  takea  place  in  the  oil  of  vitriolj  being  caused  hy  a  strong 
current  llowing  from  the  negative  wire,  throagh  the  mercury,  to  the  posi- 
tive wire,  and  continuing  a-s  Jong  as  the  circuit  remains  closed.     The 
mercury  remains  bright,  and  the  quantities  of  acid  decomposed  and  mer- 
cury dissolved,  are  but  mmlL     A  mass  of  mercury  weighing  from   400 
to  500  gnuns,  stretches  it^-^elf  out  towards  the  negative  wire,  and  if  the 
wire  is  not  too  far  off^  reaches  and  amalgamates  it.     A  smaller  quantity 
moves  with  violence    towards   the   negative   wire,    and   attaches   itself 
thereto, — Even  when  the  film  of  oil  of  vitriol  is  very  thin,  the  motion 
etili  takes  place,  and  the  film  becomes  sutficicntly  thin  to  exhibit  splendid 
prismatic  colours. — In  all  these  cases,  the  motion  of  the  oil  of  vitriol  pro- 
ceeds from  that  of  the  mercury;  the  particles  of  the  former  which  touch 
the  mercury  are  ntpidly  carried  along  its  surface,  and  draw  the  more 
distant  particles  after  them.     This  motion  of  the  mercury  consists  in  a 
continued  radiation  of  the  superficial  particles  from   the  point  which  is 
nearest  to  the  negative  wire,  the  particles  being  carrie<l  along  the  surface 
to  the  positive  wire,  and  returning  along  the  axis.     The  resistance  which 
the  bottom  of  the  vessel  offers  by  friction  and  adhesion  to  the  motion  of 
the  liquid  from  the  negative  to  the  positive  wire,  causes  the  approach  of 
the  globule  to  the  negative  wire.     In  a  smooth  glass  dish,  therefore,  a 
mass  of  mercury  shows  scarcely  any  inclination  to  approach  the  negativa 
wire,  although  the  currents  are  equally  strong;  on  the  other  hand,  tole- 
rably large  globules  of  mercury  may  be  kept  on  a  dull  ground-glass  plato 
inclined  towards  the  positive  wire,  without  runniag  off. — When  the  nter- 
cury  is  covered  with  a  film  of  oxide,  the  motion  takes  place  under  this 
film,  and  leaves  the  watery  liquid  at  rest:  but  it  may  be  detected  by  the 
formation  of  ridges,  which  often  become  very  long,  taking  the  direction 
of  the  polar  wire  and  following  all  its  motions.     In  other  cases,  when 
the  film  of  oxide  is  very  thick,  the  mercury  flattens  itself  more  and  more, 
and  the  superficial  current  goes  from  the  circumference  to  the  centre — 
tlic  internal  current,  from  the  centre  in  all  directions  to  the  circumference. 
The  motion  is  strongest  along  the  straight  line  between  the  two  wires-— 
but  is  perceptible,  though  in  a  slighter  degree,  at  a  considerable  distance 
from  that  Vme.     This  becomes  evident,  when  a  few  drops  of  mercury  are 
situated  at  the  bottom  of  the  oil  of  vitriol,  those  beyond  tlie  line  joining 
the  wires  being  agitated  as  well  as  those  ou  the  line. — I'he  rapidity  of  the 
motion  seems  to  depend  upon  the  quantity  of  the  current.     Nevertheless, 
the  current  of  a  battery  of  ten  thin  zinc  and  copper  wires  in  dilute  nitric 
acid,  is  sufficient  to  giye  motion  to  mercury  under  oil  of  vitriol.     Tho 
motion  is  even  excited  by  the  current  which  is  produced,  when  merely  the 
extreme  points  of  a  pair  of  zinc  and  copper  wires  are  dipped  into  dilute 
nitric  acid,  with  which  a  glass  is  whetted;  in  that  ca.se,  however,  the  polar 
wires  must  be  jilunged  into  ttvo  <leep  baths  of  mercury  at  the  bottom  of 
the  oil  of  vitrjul,  and   placed  right  and  left  of  the  globule  of  mercury  to 
be  moved — i?o  that  a  large  surface  may  be  offered  for  the  pa«8ago  of  the 
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The  approach  of  strong  tnagfiets  has  no  eObd  oo  the 


(} 

,,    ."  >   <irope  of  a  watery  lion ♦•?  l»f*  nl-vr^^l  ^or.nr^ti*  fmm  nn*.  an.itli^ 

on  the  niir£a<?e  of  inercurr,  ami  tfj  -  ii 

mtins  liilBctiH  to  manage  with  oil  ■.,,.,..   .,,  ^m 

a«!coiint  of  it«  strong  adbesion  to  the  merewry),  i  tm 

the  partttmj*  of  mercury  coTered  with  th©  U*|ui'*^  w^l  i^*,.v-^  |riA*v*i  tfi 
A  similar  maimer.  (Hcrschcl.) 

Mtfminr  likrwise  fLows  euttetttJ  under  othc^  -  t »,  *r  .  ...  .*:  *.  i  *.. . 
moru  rapiri  a*  the  acid  is  stron^t^r  and  more  cc>i 

rndmie  from  the  point  ncnrest  to  the  negatire  \\ir^  i  rn*  5iii!i«  citri'  luv^ 
ate  ob09rv^  in  aaline  eolntions,  Imt  weaker  as  the  haj^  of  Ihf^  salt  h 
itjoii^r:  ht*ne6  they  are  weaken  nnder  8alf-«  •  ^  *     stronger  under 

mlU  i^f  atiiTimnia,  soda,   baryta,  strontia,  and   I  I  gtiTiniit*r  nnd^j 

frr  i a,  alumina,  and  the  heavy  m eta h.     iu  a  *        tat 

ni  lercury  remains  quiet,  provided  it  Ive  ni»t  f  ser 

rtf  r  wires,  (vtcf.  ^f^.) — In  solutions  of  nir  nk 

pi  _   from  the  negative  %Hre,  another  curr  1- 

mg  Xiu ai  the  positive  wire,  and  is  oflen  stronger  tkuii  the  former,  B^ 
Iw^een  these  two  c*pposite  cnrrente  a  zone  of  equilihrura  is  oheerred, 
sometimes  nearer  to  the  positive,  sometimes  to  the  negative  trire.  Thin 
positive  counter-current  may  likewise  he  obtained  in  mo^  nihf^r  watfrv 
liquidf*— or  at  lea^t  an  indication  of  it — when  the  qi  us 

eon»iderable,  the  solution  dilute,  the  negative  wire  nt  rn 

the  mercury,  and  the  positive  wire  close  to  it.  If  one  poinr  wire  touehet 
the  raorcury,  a  current  proceeds  only  from  the  other— eml  this  corrent  if 
stronger  than  in  the  former  cases.  (Herschel.) 

When  the  positive  wire  dips  into  the  watery  liifu'd  and  the  nctgattfe 
wire  into  the  mercury,   the  latter  becomes  a»v  1,  the  mercury 

remiiins  bright,  and  itj  currents  are  visible  to  iL. i  eye.      If  on  the 

eontrary.  the  positive  wire  touches  the  mercury,  it  oxidates  »o  quickly 
that  the  currents  cannot  be  seen;  but  a  sudden  agitation,  ^^tw.  o...l;n  -  r^.^ai 
the  side  at  which  the  negative  wire  is  placed,  fol towed  hy  he 

globule    and   the   forniiition   of  protuberances^   shows   tL.     -  of 

current*  under  the  film  of  oxide.     The  currcuti  likewise  hoc  !  I6 

when  the  coat  of  oxide  is  removed  hy  a  few  drops  of  nitric  aciu.  v"*^^ 
0cheL) 

EstperimenU  itith  a  ffiobuU  of  mef*cury^  wri^hin^  400  f^Pmnt^  phitM 
tmdr^r  aolufion  of  fufjyhate  of  foda.  If  the  two  prdar  wires  merely  touch 
the  solution,  a  current  proceeds  from  the  nogtitive  wire  only.  If  this  wire 
be  placed  merely  for  an  iustant  in  contact  with  the  mercury  (whereby  a 
trace  of  eodium  is  separated  ami  combines  with  the  mercury),  and  both 
polar  wires  be  then  immersed  in  the  solution  only,  the  negative  current 
will  be  accompanied  by  a  positive  counter-current  of  smaller  extent  but 
greater  velocity.  Between  these  two  currents,  a  wall  of  liquid  in  raided  in 
the  direction  of  which  oxide  of  mercury  is  continually  driven  from  thn 
negative  wire,  and  disappears  again  as  mst  a*  it  is  formed  on  the  side  of 
the  wall  next  to  the  positive  wire.  The  positive  counter- current  is 
probably  caused  by  the  repulsion  of  the  electro-positive  sodium  by  the 
positive  electricity. — If  the  negative  wire  be  left  for  some  time  in  atitaet 
with  the  mercury,  and  tlien  separated  from  it,  the  negative  curretit 
becomes  much  less,  ami  the  positive  much  more  extended,  VV^ben  th© 
negative  wire  is  left  for  a  etill  longer  time  in  contact  with  the  mercury. 
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and  then  both  wires  made  to  dip  into  the  soliitioTi  witlmiit  touehing  the 
mercury,  the  negative  current  ceases  altogether,  and  there  roniaiiis  only  a, 
regiihir  circular  motion  throughout  tlio  whole  globule,  from  the  side  of  the 
poBitivo  to  that  of  the  negative  wire. — After  a  still  longer  contact  of  the 
Degative  wire  with  the  mercury  (whereby  the  mercury  becomes  more 
strongly  charged  with  sodium)^  if  the  two  wires  are  immersed  in  the  solution 
only,  particles  of  mercury  radiate  from  all  points  towards  thtit  pnrt  of  the 
mercury  which  is  nearest  to  the  negative  wire — ^the  force  with  which  tliey 
are  drawn  towards  this  wire  appearing  to  be  greater  than  that  with  which 
they  are  repelled  from  the  positive  wire.  If  the  distance  between  the 
positive  wire  and  the  mercury  be  then  increased  by  the  smallest  pf>^<8ihle 
quantity^  and  the  negative  wire  brought  close  to  the  mercury  (but  without 
touching  it),  a  film  in  tlic  form  of  a  circular  spot  is  formed  immediately 
under  the  latter,  and  follows  the  motions  of  tltc  mercury.  When  thin  film 
19  retnoved,  the  mercury  is  driven  with  violence  against  the  wire,  sometimes 
springing  up  to  tlie  height  of  0'2  or  0*3  of  an  inch.— When  a  small  quantity 
of  sodium  is  added  to  pure  mercury,  the  mercury,  even  though  not  touched 
by  the  negative  wire,  exhibits  the  positive  counter-current^— and  this  cur- 
rent is  stronger,  the  greater  the  quantity  of  nodium  added. — When  mercury 
amalgamiitetl  with  sodium,  either  by  contact  with  the  negative  wire*  as 
abo re  described,  or  by  direct  addition  of  the  sodium,  is  kept  for  some  time 
in  the  current  (the  wirea  dipping  intothoeolution),  it  parts  with  its  sodium, 
and  recovers  its  former  property  of  exhibiting  the  negative  current  only. 
If  the  mercury  which  has  been  in  contact  witli  tfie  negative  wire,  be 
connected  with  the  po.sitivo  wire,  whilst  the  negative  wire  is  made  to  dip 
only  into  the  solution,  rapid  currents  are  at  first  produced,  proceeding  only 
from  the  poaitive  towards  the  negative  wire.  Gradually  however  cur- 
rents also  arise,  proceeding  from  the  negative  wire*  and  extend  themselves 
by  degrees,  till  the  zone  of  equilibrium  renches  that  part  of  the  mercury 
which  is  nearest  to  the  positive  wire.  At  the  same  moment*  the  mercury 
in  the  neighbourhood  of  the  negative  wire  begins  to  oxidate;  and  after  a 
while,  the  whole  of  the  mercury  becomes  covered  with  a  thick  film  of 
oxide,  which  however  disiippears  again  completely  when  the  action  of  the 
current  has  been  continued  for  a  longer  time.  (Herscheh) 

If,  while  the  mercury  is  covered  with  the  film  of  oxide,  its  connection 
with  the  positive  wire  be  broken,  so  that  both  wires  may  remain  immersed 
in  the  solution  only,  radiation  commences  from  the  negative  wire,  breaking 
through  the  edges  of  the  film*  advancing  towards  the  positive  wire,  and 
then  ceasing.  Upon  this  the  negative  radiation  ceases,  and  after  momen- 
tary quiescence,  a  rapid  current  sets  in  from  the  positive  wire. — The 
mercury  in  fact  takes  up  sodium  by  contact  with  the  negative  wire; 
mihsequcntly,  by  contact  with  the  positive  wire*  it  becomes  coatefl  with 
oxide,  while  the  internal  part  still  contains  sodium  (for  even  when  the 
circuit  is  interrupted,  the  film  of  oxide  disaiq>ears  in  consequence  of  the 
Bodium  contained  in  the  interior);  if  the  positive  wire  be  then  withdrawn, 
the  oxide  is  reduced  by  the  sodium,— The  superficial  portion  of  the 
mercury  tliiis  freed  from  sodium  is  carried  by  the  current  from  the 
negative  towards  the  positive  wire,  fresh  soilium  passes  from  the  interior 
to  the  surfaces,  and  is  removed  from  the  mercury  by  reducing  the  oxide; 
the  mercury  is  then  driven  towards  the  positive  wire — and  so  on,  till  the 
film  of  oxide  is  wholly  decomposed.  There  now  remains  mercury  con- 
taining a  little  eodiunif  and  consequently  the  positive  current  is  prodtLuecL 
(Herechel)  -      - 
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If  the  mercury,  covered  with  solution  of  sulphate  of  soda,  he  leftra^| 
some  time  in  contact  with  the  positive  wire,  and  then  both  wires  remoro^H 
from  the  solntioii.  the  mercury  acquires  a  slight  irrcg-ular  motion  on^H 
evolves  a  few  gas  buhhles.  If  any  metallic  wire  he  then  dippeU  thrvijglH 
the  solution  into  the  mercury^  the  latter  rushes  from  all  ^idos  towafJH[^H 
wire,  on  which,  at  every  part  which  ia  in  contact  with  the  solj^^^f 
hydrogen  gaa  is  evolverL  By  this  galvanic  comhi nation  between  tfai^H 
metal,  the  sodium,  and  the  liquid,  the  whole  of  the  eodiiim  become^f 
oxidized  in  twelve  seconds  at  moat;  and  if  the  wire  consist^s  of  copper  ofH 
plat  in  urn  f  the  mercury  recovers  its  former  property  of  producing  the  negi^H 
tivo  current  only.  A  bent  wire  may  also  he  made  to  dip  with  one  en^H 
into  the  upper  part  of  the  mercury  not  covered  hy  the  solution  (at  whic^H 
part  no  action  previously  takes  place),  and  the  other  end  into  the  solutrioi^H 
only :  hydrogen  gaa  is  tlien  evolve<l  upon  the  latter,  and  currents  are  alai^^ 
produced  in  tlie  mercury,  proceeding  froru  the  extremity  of  the  first  wir^ 
towards  the  circumfcreuce.   (Herschel.) 

Erperimejits  mik  merctirt/  umkr  afhtVme  nohUion&, — When  neither  of 
the  wires  touches  t!ie  mercury,  no  current  is  produced;  hut  if  the  negatire^H 
wire  has  been  made  to  touch  the  mercury  for  a  short  time,  or  if  an  ea^itj^| 
oxidable  metal  has  heeu   added  to  the  mercury,  a   positive  current  ir^ 
produced    when  bolli   the   wires   are  dipped   into  the    solution   withotit 
touching  the  mercury.     Even  when  only  one  part  of  potassium  is  addcd^g 
to   1 3000,000  parts  of  mercurVj   the   latter  exhihits  a  pot^itive   current^^B 
This   curreut   likewise  shows  kself  rather  strougly    when   one    part  of" 
sodium  is  added  to  1,200,000  parts  of  mercury,  and  very  weakly  with 
one  part  of  sodium  in  1,600,000  parl«  of  mercury*     AmmoniacaJ   amal* 
gam    added    to    mercury   gives    no    motion    under   aqueous    solution    of 
fioda.     A  small  quantity  of  harium- amalgam   imparts  positive   rotational 
to  the  mercury.     One   part  of  xinc  in    100,000  part*  of  mercury  pro^^^ 
duces   a   strong   positive  current   under   aqueous  solution   of  potjLsh^   a^ 
weak  hut  peroepti biocurrent  with  400,000  piirti?  of  mercury,  a  very  weak 
one  Tvith  700,000  parts,  and  none  at  all  with  1,000,000  parti?.    Very  smaU  ' 
quantities  of  iron  cause  the  mercury  to  rotate.     One  part  of  tin  or  lead. 
dissolved  in  200  parts  of  mercury,  im partes  a  powerful  rotation  to  that 
liquid,  a  feeble  current  in  667  parts,  very  feehlo  in  1000  part^,  and  n 
At  all  in   2000  parts.     Antimony   causes   the    mercury  to   rotate    1 
filowly,  prohably  acting  hy  means  of  foreign  metals  contained  in  it.     B5 
taking  up  bismuth,  copper,  silver,  or  gold,  on  the  contrary,  mercury  <^ 
not  acquire  the  property  of  exhibiting  motions   in    the  electric  circnilj 
under  an  alkaline  solution,  {Herscheh)     (Pfafl*  did  not  obtain  a  positive f 
current  on  adding  zinc,  tin,  or  lead  to  the  mercury,  and  dipping  tho  twaj 
wires  into  the  Bolution  only.)  | 

Experiments  wltfi  mercirrt/  under  aqtieom  solution  of  carbonate  of  Wo,  I 
— If  an  electric  current  be  passed  through  two  eoual  quantities  of  mer-l 
eury  under  the  solution,  one  licing  connected  witu  the  negative  and  thoJ 
other  with  the  positive  wire  (the  latter  portion  becomes  covered  with  oxide),  I 
and  the  two  portions  then  mixed,  the  wh<de  behaves  like  pure  mercury^ 
because  the  oxide  produced  in  the  latter  portion  oxidizes  the  sodium  con- 
tained in  tbe  former. — When  the  mercury  connected  with  the  positive  wir^j 
has  hocouie  covered  with  oxide,  if  b{>th  wires  be  removed  from  the  solution, 
and  a  pieoe  (»f  iiotassium,  sodium,  tin,  zinc,  iron,  or  cojiper,  dipi>cd  through 
the  solution  down  to  the  mercury  (the  metals  are  named  in  the  invrr^e  * 
order  of  the  strength  of  their  action, — copper  acting  feebly,  silver  au4 
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platinum  not  at  all),  tlie  oxiJe  Ji^sapfjears  quickly  at  the  point  of  contact, 
and  that  wliiclx  is  at  a  greater  dititance  from  tbia  point  flows  quickly 
towards  it,  aud  di^jappears  hi  like  manner.  (Herscbel) 

Ej-p^'rimefits  wilk  mercury  unda*  solution  of  ukrafe  of  copper.  When 
the  positive  wire  touches  the  mercury,  a  current  ia  produced^  jiroceetling 
from  the  eiide  on  which  the  negutive  wire  is  placed.  This  current  fitill 
continues  with  slight  force  after  Injth  wires  have  been  conipletely  re- 
moved :  it  even  becomes  gradually  stronger,  and  drives  the  film  which  has 
been  formed  during  electrolix.ition,townirdif  tlio  place  at  which  the  positive 
wire  was  situated,  so  that  oxide  nccunmlatca  there  while  the  <*])posit6 
surface  remains  bright:  at  length,  the  current  which  proceed.^  from  the 
negative  side  becomes  very  violent,  and  this  B|>ontaneoii3  motion  often 
continues  for  a  long  time,-*If  tbe  negative  wire  be  made  to  touch  the 
mercury  for  an  insiaut  at  two  opposite  points  in  succession,  w^hile  the 
pojj^itive  wire  touches  the  solution  only,  and  both  wires  be  then  removed 
from  the  li^^uid,  these  two  points  form  centres  from  whicii  spontaneous 
currents  issue  simultaneoiiJ:ily.  If  the  positive  wire  be  left  in  contact 
with  the  mercury  (under  nltnite  of  copper!)  till  a  film  of  oxide  ha^!  been 
formed,  and  the  current  then  made  to  pass  through  the  liquid  only,  the 
film  of  oxide  is  driven  towartU  the  positive  wire  by  a  viulent  current 
prnceeding  from  the  negative  wire»  If  the  circuit  be  broken  after  a  time, 
tlie  motion  continues  still  longer.  If  tlie  mercury  be  agitated  flaring  the 
motion,  so  as  to  scatter  the  coating  formed  near  the  positive  wtre^  spiral 
currents  are  produced,  moving  towards  every  particle  of  oxide  ditFused 
over  the  surface^ — the  liquid  being  thrown  into  a  state  of  tremulous  motion, 
till  the  film  of  oxide  becomes  reunited,  and  a  more  uniform  motion  is  pro- 
duced. (HcrscheL) 

When  the  mercury  is  impure,  very  anomalous  appearances  are  often 
produced. 

Fusible  metal  melted  at  the  bottom  of  a  boiling  solution  of  sugar, 
exhibits  motion  with  predominant  radiation  from  tbe  positive  wire,  when 
the  polar  wires  are  made  to  dip  into  the  solution;  when  the  sugar  solu- 
tion contains  jdiospboric  acid,  the  raixturtf  exhibits  negative  rotation  like 
pure  mercury.  (HerschcL) 

Thirty  globules  of  mercury,  from  10  to  100  grains  in  weight,  placed 
in  a  flat  glas«s  dish,  at  the  bottom  of  a  solution  of  one  part  of  sulphate  of 
potash  in  2000  parts  of  water,  in  which  are  immersed  the  polar  wires  of 
a  battery  of  1000  pairs  of  plates,  lengthen  themselves  out — to  a  greater 
extent  in  proportion  as  they  are  nearer  to  the  line  joining  the  jiolar  wires 
^— and  apiiroaeh,  some  to  the  j^»ositivo  wire,  some  to  the  positive  pole  of 
the  neighDouring  glol>ules.  No  hydrogen  ga^  is  evolved,  but  oxide  of 
mercury  moves  with  violence  from  the  positive  to  the  negative  poles  of 
tbe  several  globules.  The  addition  of  hydrochloric  acid  to  the  solution 
stops  the  motion.  (H.  Davy.) 

I^Jj-perimeiUs  mfA  merairy  uvder  mlU  of  ammcnia,  poUish^  haryia, 
Mtro7itia,  mrborntie  of  potash^  sidphate  of  soda,  or  nili't.  When  the  polar 
wires  dip  into  the  solution  only,  the  mercury  moves  with  perceptible 
elongation  tow^iirds  the  positive  wire.  If  the  positive  wire  dips  into  the 
mercury,  that  liquid  shrinks  together  slightly  at  firr^t,  then  becomes 
covered  with  oxide,  and  spreads  itself  ont.  If.  on  the  contrary,  the 
negative  wire  dips  into  the  mercury,  a  sudden  flattening  of  tbe  mercury 
is  produced,  and  a  visiblo  current  is  formed  over  its  surface  irom  the 
positive  towards  the  negative  wire,  theu  right  and  left  hack  again 
H    towards  the  positive  wire.     If  the  negative  wire  be  now  withdrawn  fxom 
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i^t^r  for  a  titue,  hot 


wlif» 


tbe  mrrrury,  tlie  motion  beo 

the  tilkali-motnJ   wbicU  hue  ;  imUHl  from  ibe   sr>!t3tw^ 

oxjdi»Oil — Tbe  currenU  ar©  weaker  in  solutions  of  tbe  t  in  ibow 

of  the  alkalit*,  and  weakest  of  all   in   pure   water.— >  ^,^ 

funmontac,  cbloride  of  potassiamj  or  chloride  of  sodiitns,  bdsavt  ta  ii 
aimifar  nianuer,  but  with  certain  dlfTereiiccs.  (FfaC) 

Exprritii'^xU  trith  mtrcurtf  under  oiY  of  ritriol  or  c^mcentraied  kgdro^ 
chhric  acUL  When  the  wirea  dip  only  into  the  acid,  the  mercarv  fnovei 
towards  the  negative  wire,  and  a  TR*rceplil4e  curtDnl  goes  from  tac  i>tm> 
tive  to  the  positive  wire,  and  itcD  on  both  sidt*  back  again  to  m 
posittye  wire. — When  the  positive  wire  toucbes  the  mcrciiry,  the  mauon 
eeaees^  and  the  mercnry  epreade  itself  out — If  tbf>  negative  wire  bt 
dipped  into  the  mercurv,  that  liquid  contract*,  and  exblbite  a  slower  «Bd 
etraighter  motion.  ^Pfalff;  ScJitt.  48,  190;  this  menaoir  contaiua  mauy  otktr 
remarkable  particulars: — CQmp,  Ran^c,  Fogg-  8,  106.) 

Theee  motions  of  mercury  should  be  compared  with  Utoee  pteTioiuly 
aeeciibed  (pp.  38 U.  384), 


Derelopment  of  Heat  in  the  Galranic  Decompofiitian  of  Liquids* 
Dtvelopmeni  offfeat  in  the  Exeilin^  CcU  ofthemmpk  Gahamie  Cir0tiL 

[When  an  atom  of  sine  is  bamt  and  enters  into  oonibi nation  wiib  m 
atom  of  oxygen,  abont  twice  as  much  beat  is  set  free  aa  in  the  cutubunlioo 
of  an  atom  of  hydrogen   (p,  292),     Now  since,  aecording  t<»  Faraday V 

exi»erimenta,  an  atom  of  metallic  oxide  does  not  re<|uir©  for  its  decoDpo- 
sition  n  greater  quantity  of  positive  and  negative  electricity  than  an  atoni 
of  water,  we  are  led  to  suppose  that  in  the  combustion  of  an  atom  of 
metal,  Uie  quantity  of  negatiTe  electricity  which  combines  with  the 
'positive  electricity  of  an  atom  of  oxygen  is  not  greater  than  the  cor- 
responding quantity  in  the  combustion  of  an  atom  of  hydrogen,  and  that 
the  quantity  of  positive  electricity  given  up  by  an  atom  of  oxygen  is  tlw 
fiame  in  both  casea.  That  however  a  mucli  greater  quantity  of  heat  id 
obtained  in  the  combustion  of  an  atom  of  line,  may  arise  either  from  thtd 
— that  the  heat  obtained  does  not  proceed  solely  from  the  combination  of 
the  two  electric  fluids,  but  likewise  from  heat  existing  in  the  xinc  in  a 
state  of  in  tr mate  combination,  and  eet  free  during  comouation— K>r  more 
probably  still,  perhaps,  that  of  the  heat  dcvelope3  by  the  union  ^f  the 
two  electricities,  a  greater  quantity  U  retained  in  a  state  of  intimate  com- 
bination by  water  than  by  oxide  of  zinc.  With  this  is  connected  the 
feet,  that  heat  is  evolved  during  the  solution  of  linc  in  dilute  acidft. 
Now,  according  to  the  theory  already  laid  down,  this  development  of  heat 
cannot  arise  from  the  combination  of  the  two  electricities;  for  the  eola- 
tion of  sine  in  acids  is  attended  merely  with  a  transference  of  negative 
electricity  from  the  zinc  to  the  hydrogen  (p.  342,  c).  Part  of  the  beat 
thus  evolved  doubtless  arises  from  the  combination  of  the  ^Ipburic  acid 
with  the  oxide  of  Rinc  produced;  but,  on  the  other  hand,  a  large  quantitv 
of  heat  nni.st  be  renderetl  latent  from  two  cau.*esj — tirst,  because  the  snf- 
phuric  acid  which  combines  with  the  oxide  of  zinc  is  separated  from  lis 
state  of  intimate  union  with  the  water, — and  secondly,  because  the  hydro- 
gen gas  which  escapes  renders  latent  a  certain  quantity  of  heat  of  fluidity. 
Hence  the  development  of  heat  muat  be  attributed  mainly  to  the  escape 
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of  the  combined  lieat  eitlior  of  tho  ziuc  or  uf  iho  water, — ^A  similar  evo- 
Ittiioi]  of  heat  likewitie  takes  place  when  zinc  is  placed  tn  contact  with 
Oopper^  &c*  Hence,  in  simple  galvanic  circles,  a  rise  of  tempcraturo 
genenillj  takes  placcj  both  in  the  metals  and  in  iho  liquid.  The  evolu- 
tion of  heat  mu^t  be  the  same  for  a  given  (|U!intity  of  tine  oxidated, 
whether  the  oxidation  takes  placa  by  ordinary  or  hy  electro-chemical 
action.  lo  the  latter  case,  however,  it  must  be  observed  that  the  hydro- 
gen receives  ita  negative  electricity,  not  from  the  ziac  but  from  the  cop- 
per, the  latent  electricity  of  which — L  e.  its  caloric — is  decomposedj  and 
thereby  dimiiiiahed  in  quantity,^^aiid  that  the  liberated  positive  elec- 
tricity goes  from  the  copper  tli rough  the  connecting  wire  to  meet  the 
negative  electricity  of  the  ziocj  and  combines  with  it  in  the  zinc  to  form 
heat.  The  greater  therefore  the  qnantitj  of  heat  generated  in  the  zinc, 
the  Kraaller  will  he  the  evolution  of  heat  iu  the  cell.  The  quantity  of 
heat  evohxnl  in  the  cell  would  tberefore  increase  as  the  conduct ing  power 
of  the  wire  diminiehedj  if  the  oxidation  uf  the  xiac  could  then  go  on  with 
equal  rapidity;  but  since  the  oxidation  of  common  zinc  is  retarded  under 
such  cireumijtances,  and  that  of  amalgamated  zinc  almost  wholly  arrested, 
the  coatniry  result  is  obtaine<b] 

If  an  amalgiimated  zinc  plate  and  a  silver  plate  platinized  by  Smee*fl 
method  (p.  4liJ),  are  immersed  in  2  lb.  of  dilute  gulphnric  acidj  and  pro- 
duce a  current  iu  a  thick  conducting  wire  of  suflioient  force  to  decompose 
0  grains  of  water  in  an  hour,  the  temperature  of  the  2  1b.  (^1H432 
grains)  of  liquid  rises  47  '  Fab.  in  an  hour.  If  from  this  we  deduct  the 
heat  developed  by  the  combination  of  the  sulphuric  acid  with  the  oxido 
of  zinc  produced,  there  romaina  2'V  Fab,  for  the  rise  of  temperature  due 
to  the  current.  (Joule.) — [18*432  X  2-1  =38707*2.  Consequently,  one 
grain  of  water  would  be  heated  38707*2"  Fab.  or  21504  C".  At  the 
«ame  time,  since  the  current  acting  for  un  hour  decom poses  9  grains  of 
water,  8  grains  of  oxygen  are  transferred  to  the  zinc  :  '  ^  g*^^  =^  2688; 
while,  therefore,  I  part  of  oxygen  has  been  transferred  froni  the  hydrogen 
%Q  the  zinc,  a  quantity  of  heat  hai?  been  evolved  in  tlie  trough  sufficient  to 
raise  the  temperature  of  1  jiart  of  water  by  2688  C  or  4838*"  Fab.  Siuce 
the  two  platea  were  united  by  a  thick  wire,  which  allowed  the  negative 
electricity  to  iias^  without  hindrance  from  the  zinc  to  the  copper,  tlie  heat 
evolved  m  the  wire  may  be  reckoned  ti.s  nothing.  Tlie  ililference  in  tlio 
quantities  of  heat  evolved  in  the  combination  of  1  part  of  oxygen  with 
zinc  and  with  bydrijgeu  ra^pcctively  U  (52UO  —  3000)  ^  22 HO,  The  ex- 
periment just  described  gave  2088:  this  excess  arises  from  the  circum- 
stance mentioned  by  Joule  himself,  that  a  sniaJl  quantity  of  zinc  was 
oxidated  by  ordinary  chemical  action. — In  a  second  experiment,  in  which 
the  two  plates  were  placed  only  half  an  inch  instead  of  an  incL  apart,  the 
ri.se  of  temperature  in  the  liquid  was  4 '4°, — or,  after  deducting  the  heat 
dcvelopetl  by  the  combination  of  oxide  of  zinc  with  sulphuric  acid,  rSA"^ 
Fah,  [The  greater  proximity  of  the  plates  probably  dimini^hcd  the 
ordinary  rhemical  action.  Calrulatioo  aw  above  gives  for  every  I  part  of 
oxygen  wliich  eombinei*  with  zinc,  a  rise  of  temperature  iu  1  part  of  water 
amounting  to  2368  C^,  which  agrees  very  nearly  with  tlie  quantity  of 
heat  developed  by  the  oxidation  of  the  ssimv] 

[Joule  explains  the  developuiont  of  heat  on  totally  different  prin- 
ciples, but  appears  not  to  be  aware  that  in  his  calculations  lie  has  taken 
the  cpiantity  of  the  current  for  its  intensity — ^a  nmtake  of  frequeot 
occurrence] 

G rovers  battery  gives  similar  results.     When  the  circuit  ia  closed  by 
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&  long  tbin  wif«,  so  ilmt  the  <^uantity  of  the  curretii  is  dimiiiislied,  tki 
ri«e  uf  temperature  in  the  liquid  hkewUe  hccomea  less  [pnrtly  b«?caui« 
the  chemical  action  is  slackened,  partly  because  the  conibinatian  of  th« 
electric  fluiJsj  within  the  wire  develops  a  imantity  of  heat  which  wonJd 
otherwise  have  been  evolvetl  in  the  troaghsj. 

In  DaniellV  apj>aratais,  on  the  other  hand  (tine,  dilate  gnlphnnc  arid, 
sulphate  of  copi>er,  and  metallic  copper,  p.  421),  a  considenible  rv^ductioa 
of  temperature  takes  place.  (Joale,  FhiL  Mag,  J.  19;  2t»0.)  [This  de- 
eervefi  attention,  inasmuch  a«  heat  is  evolved  during  the  precii>itaLJon  of  a 
aolution  of  sulphate  of  copper  by  linc] 

Dcml^pmetit  of  UttU  in  the  TrQ%f{fh4  of  a  Trtm^k  Bttitrrg, 

When  a  battery  eonaisting  of  four  porcelain  troughs  filled  with  dilnlo* 
nitric  acid— each  troui^h  containing  10  cells,  having  a  pair  of  «iuc  and 
copper  plutea  immersed  in  each,  and  therefore  making  40  pairs  in  all — 
in  left  for  «on»e  time  with  it?  poles*  connected,  a  rise  of  temperature  take* 
phice  in  the  liquid  contained  in  the  cells.  In  one  experimeDt  of  this 
kind,  the  temperature  of  the  liquid  was  at  Brst  16'6"  C.;  in  the  middle 
of  the  tnmgh,  containing  the  positive  pole,  it  rose  to  55^5^;  in  the  next 
to  54'7'*;  in  the  third  to  53*6  ;  and  in  the  trough  which  eont&ined  the 
negative  pole,  only  to  43-2*».  (Murmy,  iVl  £d.  PhiL  J.  12,  57,) 

Devfhpmtttt  of  Htol  in  the  Decomposinff  Cdh 

[Watery  liquids  are  the  only  substances,  the  decomposition  of  which 
has  nitb*^rto  been  observed  to  be  accompanied  by  elevation  of  t^^mperi- 
ture.  If  we  euppose  (according  to  p.  4Q4)  that  of  the  heat  produced  in 
the  combination  of  oxygen  and  hydrogen^  a  great  part  remains  united  with 
the  water  (2,200  parts  out  of  ,%290J,  theu  this  quantity  of  heat  must  he 
liberated  during  the  electrolysis  of  the  water.  For,  at  the  positive  poles, 
the  full  quantity  of  heat  eonibines  wnth  one  atom  of  oxygen,  and  at 
the  negative  pole,  one  atom  of  hydrogen  takes  up  the  full  quantity  of 
negative  electricity, — the  beat,  which  wa«  held  in  a  state  of  combina- 
tion by  the  atom  of  water  deeompeeed,  remains  in  the  liquid  in  the  £ree 
state,] 

Two  gold  cups  containing  water  are  connected  by  asbestus,  and  into 
one  of  the  cups,  in  which  the  positive  wire  of  a  battery  of  100  jjairs  is 
immeri*ed,  a  drop  of  a  fcoltition  uf  ^^ulpbate  of  p<jtash  is  let  fall:  the  potash 
then  passes  rapidly  into  the  negative  cup,  and  the  water  is  raised  in  two 
minutes  to  the  boiling  point.  When  the  current  acts  on  a  solution  q| 
nitrate  of  ammonia,  all  the  water  evaporates  in  three  or  four  minalc4^ 
producing  a  hissing  noi^e  and  a  white  cloud,  and  the  remaining  nitrate  of 
ammouia  takes  fire. — When  one  of  the  cups  contains  strong  solution  of 
potash,  and  the  other  oil  of  vitriol,  only  a  slight  elevation  of  temperatnro 
is  produced,  (H.  Davy.) 

When  dilute  sulphuric  acid  is  decomposed  by  Grovels  battery,  it  is 
converted  into  oil  of  vitriol,  and  becomes  so  hot,  that  wood  placed  under 
the  vessel  which  contains  it  is  charred.  (Grove*) 

In  the  electrolysis  of  a  watery  liquid,  a  greater  rise  of  temperatnfe 
takes  place  at  the  positive  than  at  the  negative  polo,- — because  less  gas  U 
evolved  at  the  former,  and  therefore  less  heat  ia  rendered  latent  The 
evoliuinn  of  heat  is  greater  when  the  liquid  is  divided  into  a  number  of 
8e|»arate  parts  by  porous  bodies^  such  as  membranes,  bundles  of  thread. 
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&c.  The  liquid  in  a  bundle  of  cotton  fibre.^  is  more  strongly  UeateJ  than 
that  contained  in  a  glass  tube  of  c^\^m^  witlth  and  len«.'"tb ;  for  tbe  cellu  in 
whicb  tbe  liquid  is  enclosed  retarfl  the  transmission  of  the  electricity.  If 
the  polar  wires  are  inserted  into  the  extremities  of  a  cutting  of  a  water- 
plant,  the  water  near  tbe  wires  ri^es  to  tbe  boiling  point,  fDe  la  Rive.) 
[Experiments  of  Prescott  Joule  {FhiL  Mag.  J.  Wy  260),] 
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Technical  Applications  op  GaXiTAKISM. 

1*  Gal  van  ic  Precipitation  of  a  tbin  Layer  of  one  metal  on  tbe  jsurfaca 

of  another. 

QUding. 

This  process  may  be  performed  upon  silver,  brass,  or  copper,  but  not 
npon  iron,  Tbe  apjmratus  consists  of  a  bladder  containing  dilute  acid,  in 
which  zinc  ia  immersed^  and  a  jar  within  which  tbe  blndder  16  placed. 
The  jar  contains  the  solution  of  ^old,  together  with  the  metal  to  be  gilt, 
which  is  connected  bj  a  wire  with  the  ztnc.  (The  go  hi  solution  and  the 
metal  to  be  gilt  may  also  bo  placed  within  tbe  bladder, — tbe  dilute  acid 
and  a  cylindrical  zinc  plate  surronnding  the  bladder  being  placed  in  the 
enter  vesseb) — .Tbe  more  dilute  the  acidj  the  feebler  is  the  current,  and 
the  better  does  the  gilding  go  on;— ^e,  ^^^  six  drops  of  acid  to  a  ^\ixm  of 
water.  Sulphuric  acid  ia  used  for  silver^  nitric  acid  with  copper  or  brass. 
— ^The  gold  solutioiij  which  is  made  as  neutral  as  possible,  contains  5  mil- 
ligrammes of  gold  in  a  cubic  centi metres  and  therefore  one  gramme  of  gold 
in  a  litre  (about  2  pounds).  A  weaker  solution  gives  a  darker,  and  a 
solution  containing  copper  mixed  with  tbe  gold  a  redder  gilding, — The 
metal  to  be  gilt  must  be  either  polished  or  merely  cleaned.  In  the  for- 
mer case,  the  metal  takes  the  gilding  more  readily,  and  the  gilt  surface 
has  a  much  greater  lustre,  ami  merely  reiiuires  rubbing  with  fine  linen  or 
with  leather  to  give  it  a  very  high  ilegree  of  polish;  in  the  httter  case, 
the  gilding  is  taken  slowly ^  haa  a  duller  surface,  and  requires  to  be 
rubbed  with  tbe  burnishing  steel.  Ignited  silver  takes  a  finer  gilding  thaa 
that  whicb  has  not  been  ignited. 

The  line  is  attached  to  a  thick  copper  wire,  and  this  to  a  silver 
or  platinum  wire,  which  touches  at  one  point  the  metal  to  be  gilt:  this 
point  must  however  be  changed  from  time  to  time,  otherwise  no  gold  will 
be  deposited  upon  it.  Before  the  gihling  process  is  commenced,  the 
metal  is  dipped  into  dilute  acid  to  free  it  from  all  impurities, — silver  in 
Bulphnric,  copper  and  brass  in  nitric  acid.  If  tbe  zinc,  contained  in  a 
bla^hler  filled  with  the  same  acid,  be  at  the  same  time  immersed  in  the 
liquid,  the  gaa-bubbles  evolved  on  the  surface  of  the  silver  or  copper  will 
serve  to  cleanse  it  still  more  eflfectnally. 

After  this  the  gilding  is  commenced.  The  bladder  with  the  lino 
being  first  placed  in  tbe  gohl  solution,  tbe  circuit  is  closed  by  immeraing" 
the  object  previously  metullically  connected  with  the  zinc.  The  metal 
to  be  gilt,  especially  if  it  be  silver,  must  not  be  loft  for  a  moment  in  the 

fold  solution  without  galvanic  connection, — otherwiso  it  will  either  not 
e  gilt  at  all  or  the  gilding  will  be  very  bad.  If  therefore  tbe  inside  of 
a  vessel  is  to  be  gilt,  tbe  blailder  with  the  acid  and  zinc  being  suspended 
within  it,  the  gold  solution  must  be  poured  into  tlie  vessel  down  the 
sides  of  tbe  bladder,  so  that  galvanic  connection  may  be  immediately 
former!.     The  galvanic  current  must  be  so  weak  that  scarcely  any  ga4 
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ihmll  be  erolred  oo  iii6  enrface  of  the  silver  or  cx>pp^T ;  for  »nv  ^M)*i^«fvJ 

able  evoIuttOQ  of  gaa  would  interfere  with  the  il  ji>ld«J 

A  feeble  current  is  particttlarly  necessary  when   ^  'i>fi 

titfiM  we  difficult  to  friW.     The  carreot  ia  regulattni  hy  ] 
drawia^  the  sine  or  diniini^hmg  the  quantity  of  acid.     At 
for  a  minute  or  two  in  the  gold  «olntion*  the  metal  is  again  imturn 
dilute  acid;  it  is  likewise  advantageoua  to  immerse  the  rinc  and  hit 
at  the  same  time  (for  thifi  raake^^  the  gliding  more  brilliant,  and  eii^uref  * 
a  more  abnndant  depoeition  of  gold  at  the  next  immersion).      The  metal 
is  then  briskly  rubbed  with  fine  linen  and  dried,  then  a^ain  eubjrete*!  lo 
galranic  action  in  the  gold  solution, — and  so  on.     Polished  objects  re- 
quire two  or  three  immersions — unpolished  onee,  five  or  six. 

Brass  reqoiresi  le4?s  gold  and  takes  a  redder  gilding  than  silver,  lh« 
^ding  on  which  is  rather  of  a  greeaiah  yellow.  The  gilding  is  perma- 
neot. 

Those  parts  of  an  object  which  are  not  to  be  gilt  are  corerod  witii 
wax,  or  washed  with  gold  solution  by  mean;:  of  a  brugh. 

The  solution  of  ^old  when  weakened  by  use  is  concentrated  by  ^T*- 
poration.  The  bladder,  which  ret^uires  frequent  renewal,  yields  a  qiam* 
tity  of  gold  when  burnt  to  a.shes.  (De  ia  Rive,  Ann.  Chim,  l^hyB,  73,39^; 
also  J.  pr.  Chan,  20,  157.) 

R.  Bottger  makes  use  of  the  following  apparatus  for  gilding  and 
platinizing.  A  wide  cylinder  ha"?  a  hole  in  the  middle  of  its  bai^e,  throujifh 
which  there  passes  a  eopfier  wire  cemented  in  with  seanng-wa2E^,  Tli# 
part  of  the  wire  within  the  cylinder  is  formed  into  a  tlat  spiral,  npea 
which  is  laid  a  piece  of  amalgamated  zinc.  The  cylinder  eoritjuaa  ^mj 
dilute  sulphuric  acid.  In  this  is  immersed  a  cylinder  open  at  the  top 
and  bottom,  but  tied  over  at  the  bottom  with  a  thin  bladder.  Tlit 
cylinder  contains  solution  of  gold,  in  which  the  metal  to  be  gilt  b 
iromereed  after  it  has  been  first  connected,  by  means  of  a  platinum  wire 
wound  round  it,  with  the  copper  wire  proceeding  from  the  zinc.  (A 
drawing  of  the  apparatus  is  given  in  the  memoir)  The  gold  fiiolutioii 
contains  one  part  of  chloride  of  gold,  freed  as  much  as  posj-ible  from  dxo««f 
of  acidj  in  UiO  parts  of  water;  or  still  better,  chloride  of  gold  atjd  sodlun 
dissolved  in  water.  Each  immersion  last«  for  a  minute  at  the  uttnoal, 
and  is  followed  by  washing  with  water  and  dryings  accompanied  hr 
brisk  rubbing  with  fine  linen  and  polishing  with  powdered  chalk.  Silver 
requires  five  or  six,  steel  ten  or  twelve  immersions,  lasting  from  laUfa 
minute  to  a  minute.  When  the  silver  object  i»  connected  with  the 
jinc  by  a  copper  wire,  part  of  which  dips  into  the  solution  of  gold* 
the  gilding  acquires  a  strong  reddish  tint;  whereas^  when  silver  of 
platinum  wires  are  used,  it  ia  of  a  full  bright  yellow.  If  the  gold 
Bolution  contains  the  smallest  trace  of  copper,  scarcely  any  thing'  bitl 
copper  is  at  first  deposited  upon  the  silver.  Copper  also  does  no 
show  any  appearance  of  gilding  for  some  time,  because  the  red  colour  \ 
the  metal  shines  through.  (The  same  was  observed  by  Biewend,  J,  pr^ 
CJtem.  23,  2*»3,)  Brass  may  be  gilt  almost  as  well  as  Mlver,  tin  iic»t 
well.  German  silver  gives  a  copper}^  kind  of  gilding,  not  very 
But  watch-spriisg.s  pen-knives,  &c.,  may  be  gilt  directly  by  De  la 
method.  Watch  springs  tiike  a  very  beautiful  gilding,  when  thoy  aft 
freed  by  hydrochloric  acid  from  the  blue  film  of  oxide.  On  long  knives 
the  gililing  is  not  uniform,  being  thickest  at  the  end  next  the  zinc.  Steel, 
vhich  is  to  be  gilt  must  be  brightly  polished  without  oil ;  that  which  hiii 
been  polished  with  oil  does  not  take  the  gold ;  for  it  retains  partielea  of 
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oil  clogely  attached  to  it«  surface,  8^  tLat  it  is  scarcely  attaclied  by  strong 
hydmcbloric  acid.     (R.  Dottier,  Ann.  Pharm.  35,  221  and  350.) 

The  Idadtk'r  recomra ended  by  J)e  la  Rive  reduces  a  consideralile 
quantity  of  goKl,  which  gives  it  a  purple  coUmr;  a  cylinder  tied  over  with 
bladdor  at  bottom  i*  thert^fore  to  be  preferrefl.  Only  a  feeble  current  la 
required,  and  a  single  drop  of  sulphuric  acid  is  enough  for  every  ounce 
of  water.  If  the  gold  solution  reddens  lilmug,  it  pro<luce«  a  dirty  yellow 
coating  on  the  silver;  hence  it  must  first  be  exactly  nentralizetl  with  car- 
bonate of  soda.  It  must  likewifie  be  more  dilute  than  Bottger  reoom- 
mend.¥ ;  water  must  in  fact  be  adde<l  to  it  till  a  plate  of  silver  dipped 
into  it  no  longer  acquires  a  black  coating,  but  eibibitv^  a  bright  yellow 
colour  on  being  rubbed.  When  the  process  is  thus  oooducted,  the  silver 
no  longer  acquires  a  greenish  yellow,  but  a  pnre  bright  yellow  gilding;  or 
if  it  be  connected  with  the  zinc  by  a  copper  wire,  it  then  takes,  aa  Bottger 
found,  a  reddish  yellow  gilding.  Steel  pens,  freed  by  dilute  hydrochloric 
acid  from  their  blue  film  of  oxide,  may  be  gilt  without  the  aid  of  galvan- 
ism by  simply  immersing  tlieni  in  the  gold  gfdution  netitrulized  as  aboTe 
with  carbonate  of  8oda,  Copper  may  likewise  be  gilt  in  a  very  tjhort  time 
either  by  ordinary  chemical  action,  like  eteel,  or  by  the  galvanic  method. 
(Eisner;./,  pr.  Chem.  23,  148.) 

Walker  {PkiL  Mag,  J,  19,  328)  makes  n»e  of  the  cnirent  of  a  voltaic 
battery.  The  decomposing  cell  contains  a  solution  of  cyanide  id  gold 
and  potassium;  the  anod  econsist^  of  a  plate  of  gold,  and  the  cathode  of 
the  metal  to  he  gilt.  As  fast  a»  gold  is  precipitjttcd  from  the  solution  on 
the  cathode,  fresh  gfdd  \%  dissolved  at  the  anode.  A  similar  method  la 
pursued  by  Elkington  {Comjit.  retid.  13,  9fJ8  ;  also  Pogg,  55,  161)^  ae- 
eording  to  whom,  gilding  goes  on  more  quickly  at  a  Bomewhat  elevated 
temperature  than  in  the  c*dd. — According  to  Ruolz  {Pogfj.  55,  162)  the 
following  solutions  are  available  for  this  purpo.se  :  Cyanide  or  cLloride  of 
gold  in  aqueous  solution  of  cyanide  of  potassium;  ordinary  ferrocyanide 
of  potassium  or  red  ferrocyanide  of  potassium ;  chh»ride  of  gold  and 
potassium  in  aqueous  solution  of  cyanide  of  potassium,  or  in  aqueous 
solution  of  Boda ;  suljduiret  of  g<dd  in  aqueous  solution  of  sulphuret  of 
potassium.  The  last  three  solutions  are  to  be  jireferred — the  last,  which 
contiiins  sulphur  being  the  best  of  all.  In  this  manner,  platinum,  silver, 
cojjper,  packfoTig,  and  steel  may  be  gilt  pernmnently,  beautifully,  and  of 
any  required  thickness,  A  solution  of  1  part  of  chloride  of  gold  and 
10  parts  of  ferrocyanide  of  potassium  in  100  parts  of  water,  being  sub- 
jected lo  the  action  of  a  six-pair  Daniell's  battery,  deposits  in  three 
minutes,  on  a  polished  Kilver  plate,  five  square  centimetres  in  surface,  the 
following  quantities  of  gold,  varying  according  to  the  temj^erature :  at 
15^,  00126;  at  35%  00296;  and  at  60-,  0*063  of  a  gramme,— The  quantity 
of  gold  depositefl  on  a  brass  plate  of  equal  size  at  15^  in  two  minute* 
was  0*012  of  a  gramme.  (Dumas.) 

De  la  Rive's  method  provinces  a  brilliant  gilding,  that  of  RhoIk  givea 
a  fine  frosted  surface  which  may  be  made  bripht  by  polishing*  Be  la 
Rive*s  solution  acts  partly  by  ordinary  chemical  action,  because  it  con- 
tains too  much  gold  and  is  not  sufficiently  neutralized.  The  following 
method  gives  the  best  reaulti?,— Gold-solution  :  1  part  of  dry  chloride  of 
gold  and  10  parts  of  ordinary  ferrtx'yanide  of  pota;*sium  are  dissolved  in 
100  partj^  of  water,  filtered  from  cyitnide  of  iron,  mixed  with  100  parts  of 
saturated  solution  of  ferrocyanide  r>f  potassium,  and  thl^  mixture  is  diluted 
with  an  equal  or  double  quantity  of  water:  the  more  dilute  the  solution 
the  brighter  rs  the  frosted  gilding  produced. — Liquid  in  the  nnc  veuel : 
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solution  of  onlinary  ferrocyanide  of  potiwiaittm  and  eonnxiOQ  «alt 
of  oommon  salt  alone  acts  more  qaickly;  but  for  gilding  silirer,  the  mAni 
must  not  contain   too  much  common  ealt,  otherwise   the  sUvrr  v^}} 
blackened  by  the  fomiation  of  chloride.     All  acid  is  to  Ijo  ft 

gives  too  strong  a  current.     It  is  advantageous  to  have  the  g  a 

and  the  liquid  in  the  zinc  vessel  of  the  same  specific  gravitv,  m  order 
that  they  may  not  mix  too  easily.     For  the  same  reason,  the  level  of  the 
two  liquids  ought  to  be  the  dame*     The  «inc  must  not  be  amalgamated, 
otherwise  chloride  of  mercury  will  be  introduced  into  the  gold  eolutioa, 
and  maybe  reduced  on  the  metal — Ves9<^U:  For  gilding  small  objecta 
the  gold  solution  may  be  containe*!  in  a  glass  tube,  open  at  both  ends;  for 
larger  objects,  in  an  inverted  bell  jar,  furnished  with  a  tubulure.     The 
lower  end  of  the  glass  tube  or  the  tubal uro  of  the  bell-jar  is  tied  over 
with  linen,  and  a  layer  of  kaolin  or  common  clay,  free  from  lime,  one 
centimetre  in  height,  and  moistened  with  solution  of  common  ^t^  placed 
at  the  bottom  of  the  tube  or  jar*     If  instend  of  gliiss,  vessels  of  earthen- 
ware are  u.^ed,  in  which  end  osmose  is  stronger  than  in  clay, — then,  either 
the  inner  and  outer  liquids  must  have  the  same  composition  (with  the 
exception  of  the  gold  contained  in  the  inner),  or  the  estrthen  ves^l  mast 
be  enclosed  within   a  bag  of  muslin  filled  with  moist  clay,  so  that  the 
vessel  may  be  surrounded  with  a  coating  of  clay  one  or  two  cetitimetrw 
in  thickness, — The  bi-ass,  copper,  or  silver,  which  is  to  be  gilt,  is  well 
burnished  and   then  thoroughly  cleansed  {dfcapc)   by  rubbing    it    with 
lamp  hliick   moistened   with   concentrated   nitric  acid  an<l   spread   upon 
linen — then  dipping  it  quickly  into  water,  then  again  rubbing  it — ^and  so 
on : — when  perfectly  clean  and  bright^  it  is  well  dried.    While  the  gilding 
is  going  on,  the  object  is  frequently  turned,  so  that  the  deposit  of  gold 
may  be  nntform.     If  the  deposition  goes  on  too  slowly,  an  additional 
quantity  of  common  salt  is  added  to  the  liquid  in  the  outer  vessel  con- 
taining the  Bine. — Warming  the  outer  vessel  in  a  water-bath  to  ^C  or  25* 
(68^  or  77^  Fah,).  likewise  accelerates  the  gilding  but  diminishes  its  lustre. 
If  any  of  the  gold  solution  penetrates  into  the  outer  vessel,  and  gold  is 
in  consequence  precipitated  upon  the  zinc,  it  must  be  removed,     A  thin 
deposit  of  gold  makes  it«  appearance  in  ten  minutes;  to  produce  a  thick 
deposit,  several  Iiours  are  necessary,     The  gilding  on  silver  is  first  green- 
ish,  then  yellow,  then  after  twelve  hours,  reddish  ycUow.     Brass   and 
bronze  take  tbe  gilding  much  more  quickly.     Pin  ally »  the  gilt  object  is 
washed  with  dilute  sulphuric  acid,  which  removes  any  iron  which  may 
perchance  have  been   precipitated,  and  then    rubbed  with    linen.     Tlio 
gilding  holds  very  iiisL  (Becquerel,  Compt.  rend.  14.  135.) 

When  a  copper  plate  is  to  be  etched, — instead  of  covering  it  with  the 
ordinary  etching  ground,  it  nmy  be  gilt  by  De  la  Rive*s  method,  and  then 
the  gold  removed  with  the  needle;  in  this  manner  mach  finer  lines  arc 
obtained.  Moreover,  since  the  gold  remains  attached  to  the  surface^  Uie 
plate  may  be  corrected,  if  the  first  impression  should  be  faulty.  (De  la 
Rive,  J.  pi\  Chem,  22,  376.) 


Plaiinmng, 

This  may  be  done  upon  silver,  brass,  or  copper.     The  apparatus  ■ 
same  as  that  of  Biittger  for  gilding.     The  platinum  solution  used  con 
of  1  part  of  chloride  of  platinum  in  160  parts  of  water— or  better,   I 
of  chloride  of  platinum  and  1  part  of  common  salt  in  160  of  water. 
latter  solution  yields  a  sufficient  deposit  after  three  immersions ;  wherem« 
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with  the  former^  six  imraersious  are  necessary,  aad  tlie  caating  of  platinum 
is  rather  grey  tlian  wliite.  Copper  which  has  been  platinized  is  after- 
wards  well  adapted  for  gilding.  This  may  be  done  with  objects  obt^iijied 
by  the  electro-type  process, — a  copper  wire  being  fastened  to  the  centre 
of  the  binder  surface,  that  surface  covered  with  wax,  the  front  surface 
freed  from  every  trace  of  oxide  by  rubbing  with  dihite  hydrochloric  acid 
and  fine  washed  sand, — then,  by  the  preceding  method,  first  platinized  and 
afterwards  gilt.  Any  part  on  which  the  oxide  atill  remains  will  not  he 
coated^  and  must  afterwards  be  cleaned  with  sand  and  acid.  (II.  Bottger.) 
For  platinizing  by  the  corrent  of  a  aix-p^iir  Daniell'si  battery^  it  is  best 
to  tise  a  solution  of  chloride  of  platinum  and  potassium  in  potash.  The 
operation  goes  on  as  quickly  as  gilding.  But  from  a  solution  of  I  part  of 
cyanide  of  platinum  and  10  pai'ts  of  yellow  ferrucyanide  of  potassium  in 
100  parts  of  water,  platinum  is  very  slowSy  precipitatedj  even  when 
assisted  by  the  application  of  heat*  (RuoU  &  Dtinias,  ^<*^^^  ^^»  164.) 

Silvering. 

Copper  and  brass  may  be  silvered  in  the  above  apparatus  by  mea-ns  of 
a  solution  of  I  part  of  fu^ed  nitrate  of  silver  (lunar  caustic)  in  5  J  parts  of 
aqueous  ammonia;  but  the  first  immersion  must  not  last  longer  than  a 
second,  (R.  Bottger.)— Walker  proceeds,  according  to  the  jiietbod  de- 
scribed on  fiage  40B,  with  a  solution  of  cyanide  of  silver  and  potassium  aa 
the  eh^ctrolyte,  and  a  silver  plate  as  the  anode, — According  to  Ruolz, 
who  likewise  uses  cj-^anide  of  silver  and  potassium,  silvering  nmy  be  pro- 
duced on  gohlj  phitinum,  copper,  bronze,  braas^  iron,  cast-iron,  ateel,  and 
tin,  and  is  very  permnneut.--A  solution  of  1  part  of  cyanide  of  silver  and 
1 0  parts  of  ordinary  ferrocyanide  of  potassium  in  1 00  parts  of  water^  may 
also  be  used.   (Dumas.) 

A  solution  of  cyanide  of  copper  in  cyanide  of  potassium  or  sodhim 
yields  a  coating  of  copper  when  acted  upon  by  t!io  current  of  an  eight- 
pair  Danieirs  battery, — but  the  deposition  of  the  copper  is  very  slow. 
(Ruok.) — In  a  similar  manner,  metals  may  be  coated  with  lead,  oobalt, 
or  nickel.  (Ruolz.) 

Tinning. 

Clean  copper  or  brass,  in  contact  with  euUings  of  tin  in  a  boiling  s(du- 
tion  of  peroxi<ie  of  tin  in  potash,  becomes  covered  in  a  few  minutes  witli 
a  white  permanent  layer  of  tin.  (11.  Bottger.)— Bronze  may  likewise  be 
tinned  in  this  manner.  With  electro- positive  metals,  on  the  oontniry, 
fiuch  as  iron  or  zinc,  the  current  of  a  battery  is  necessary.  (Ruolz.)— On 
this  principle  depends  the  tinning  of  brass  pins  by  disp using  them  in 
alternate  layers  with  tin  plates,  and  boiling  the  whole  in  a  solution  of 
cream  of  tartar. 

Copper  or  brass  cleane<l  with  dilute  hydrochloric  acid,  and  placed  in 
close  contact  with  granulated  zinc»  in  a  boiling  saturated  solution  of  sal- 
ammoniac  or  a  sidulion  of  chloride  of  zinc,  acquires  in  a  few  minutes  a 
specular  covering  of  zinc.  Cream  of  tiirtar,  in  place  of  sal-ammoniac, 
doe^  not  occasion  a  depoBit  of  zinc,  (R.  Bottger,  Ann,  Pharvi.  34,  84;  09, 
172.) — By  means  of  the  electric  current  of  a  battery,  iron  wire,  iron  plat«, 
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ciet-irati^  ^c,  iniiy  ftl»o  be  copied  witb  linc,  and  preserred  fr«M  m^ 

2.  ElectrotTpe. 


me  time  ago  thnt  nnd^r  eertatfi  eireciB*! 
a  cobet^ut  ftiife  by  galnuiie  aetioa. 


Wach  and  others  di-*-  *  -  -' 
Dcc»»  c<>pp«r  mav  b« 

^1  {Eledrolype,  1 .  ...  -mfgb,  1840;  abetr.  Polifi^n.  J.  75»  110>— 
»"r,  a8  it  a jt pears,  at  the  same  time — showed  {Pitivtcckn^  J.  7^, 
Hi;  I  i,  H3)  tbat  copper  tbus  precipitated  in  tbe  5*)lid  elate  on  tondtet* 
ing  bodies,  adapts  itself  exaetlj  l«  all  the  deprt»»ion*  of  ibeif  euffamt 
and  wben  sejmraled  presents  aa  exact  impreasion  o#  Uienij  tJiita  they  di#« 
eovered  the  Electro-type  process* 
Jacobi*8  process  ia  aa  follows : 

1.  Appartxiii$, 

A.  For  email  objects: — The  object  to  be  copied  (for  sbortxieas 
eball  caII  it  the  M'mM) — which  roust  be  a  coodactor,  at  least  on  its  so; 
face — h  immersed  in  a  solution  of  sulphate  of  copper,  an*!        '    '  .  fona 
negative  conductor  of  a  galvanic  circuit,  the  positive  cor  <>Dtislti 

of  fine  immersed  in  dilute  sulphuric  acid^  sal  ammonia^'  i  «aJt, 

eulphale  of  soda.     The  mo^t  suituble  apparatus  is  an  oi  .  of  wood 

(pitched  with  asphalt),  or  porcelain,  divided  into  two  parLs  by  jlu  tiprJL'hl 
partittou  of  slightly  baked   nnglaxed  earthenware  (or  ol»e  of  elm-w 
which  has  boeu  boiled  for  an  hour  in  water  acidulated  with   sulpr ' 
acid).     The  division  containing  the  copper  is  filled  with  soJuticm 
phate  of  copjier  saturated  while  hot,  and  is  fitted  at  ita  upper  part  with 
thin  wooden   box  perforated    at  the  sides  and  bottom  and    filJo»l   wltk 
pounded  sulphate  of  copper,  for  the  purpose  of  keeping  the  solution  con* 
stantly  saturated,     Tlie  zinc  division  contains  dilute  sulphuric  acid,  or  a 
eolution  of  gal-ammoniac,  &c,,  together  with  a  xinc  plate,  which- — at  least 
when  sulphuric  acid  is  used — mu>5t  be  amalicamated.     For  renew  iu|jf  the 
liquids,  especially  of  the  zinc  division,  each  diviaion  has  an  opening  at 
«ide,  communicating  tirst  with  a  flexible  tube  of  caoutchouc,  &nd   thei 
with  a  rigid  tube,  which,  when  set  upright,  reaches  to  the  top  of  the  ti 
eel,  but  wben  let  down  allows  the  lif|uid  to  escape.    The  »nc  is  eoDiieel 
[with   the  model  by  means  of  a  wire,  under  which  a  magnetic  needle  is 
placed;  and  the  model  is  immersed  upright  in  the  copper  divisiou,  with 
the  side  which  is  to  be  coppered  turned  towards   the  zinc  diviaioo.      The 
I  deflection  of  the  Uoedlc  indicates  the  quantity  of  the  current ,  on  the  regiH 
Tlfttion  of  which  the  success  of  the  operation  greatly  depends.     When  tbij 
[quantity  of  electricity  is  too  great,  the  sulphate  of  copper  is  decoiti^ 
I  more  quickly  than  fresh  sulphate  is  dissolved,  and  the  copper  depo^i,, 
on  the  model  no  longer  exhibits  the  bright  red  colour  which  it  ought  W 
possess,  but  becomes  of  a  dirty  brown  red,   and  loses  it©  coherence  ;  and 
even  if  the  solution  be  then  saturated,  the  precipitate  afterwards  d  t 

is  still  iucoherent :  the  brown -red  precipitate  must,  therefore,  K 
oflT  or  remuved  by  nitric  acid.  As  soon,  therefore,  as  the  magnetic  u^.c'4ii«* 
indicates  that  the  current  is  too  strong,  it  must  be  weakened  by  diluting] 
the  acid,  increasing  the  distance  between  the  plates,  or  by  using  a  €Oli' 
Heeling  wire  of  greater  length  and  less  thickness.  The  gieater  the 
l^f  the  box  coutaiuing  the  sulphate  of  copper,  and  the  more  the  scdution  of 
Plhat  salt  is  accelerated  by  ratsing  the  tcmperdture,  the  greater  mmj  be 
the  strength  of  the  canentf  and  the  mere  quickly  will  toe  Utiekueea  of 
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the  coatin;^  i d crease ;  bat  the  more  slowly  the  copper  is  reduced^  the 
greater  will  bo  its  compautness  and  Buliility.^ — ^Iiiatead  of  the  box  abave 
mentioned^  a  cjBnder  may  be  unedf  baviug  an  earthen  vessel  dipping  into 
its  upper  part.  The  zinc  plate  Is  placed  horizontally  on  sopports  in  the 
lower  vessel,  the  hmhIoI  in  the  upper  one — or  vice  versfi, — but  the  latter 
arrangeiiient  ia  not  so  convenient.^Tho  earthenware  diaphragm  becomes 
grardiiftUy  stopped  up^  and  mu^t,  therefore^  be  occiisieiiaUy  soaked  In 
water, 

B.  When  larger  objects  are  to  be  copied,  the  current  of  a  single  pair 
of  DanielFs  cori^rtant  battery  la  preferable.  The  arrangement  of  the  appa^ 
ratus  18  that  of  Jacobi  (p,  422).  Since  it  is  difficult  to  obtain  lurge  earih- 
enwaro  cylinders,  a  number  of  small  battt^rieis  may  be  united, — c.  *;;,  nine 
cylinders  of  o*)]iper  or  lead  may  be  placed  iu  a  leaden  trough  contaioinr 
eolution  of  sulphate  of  copper,  an  earthenware  cylinder  filled  with  aeid 
immersed  in  each  of  them,  and  a  zinc  cylinder  made  to  dip  into  the  acid; 
all  the  zinc  cylinders  being  connected  by  one  thick  wire»  and  all  the  lead  or 
copper  cylinders  by  another.  The  electricity  of  these  two  wires  is  carried 
over  to  the  decomposing  cdl,  w^hich  at  the  beginning  is  filled  with  dibtte 
Bolntimi  of  sulphate  of  copper,  contjiiniug  a  little  free  acid*  The  model 
liea  horizontally  at  the  bottom  of  the  cell,  with  the  nuh  to  be  coppered 
turned  upward.^.  A  woitden  frame  is  let  down  to  the  niiddlo  of  the  liquid, 
anci  a  piece  of  linen  or  flannel  stretched  over  it.  Above  this  diaphragm 
is  placed  a  plate  of  copjier,  or  a  number  of  pieces  of  copper  in  immediate 
contact  with  one  another.  This  copper  is  connected  with  the  copper  or 
lead  of  the  batteryi  whilst  the  model  is  connected  by  a  wire  with  the  zinc 
of  the  battery.  As  fast  as  copper  is  deposited  npon  the  model,  the  copper 
forming  the  anode  dissolves  (p.  403).  At  the  same  time  it  often  be  come  a 
<?overed  with  a  dark  red  powder,  which,  if  it  fell  upon  the  model,  would 
render  the  copper  reduced  upon  it  brittle.  This  is  prevented  by  the  linen. 
The  model  must  be  at  learnt  from  half  an  inch  to  two  inches  below  the  coji- 
per— for  large  objects,  three  or  four  inches.  In  lliis  case,  also,  it  is  neces- 
sary to  allow  the  current  to  act  npon  a  magnetic  needle,  iti  order  that 
some  idea  may  be  formed  of  its  cj^uantity.  If  the  DanielFs  battery  con- 
sists of  several  pairs^  a  number  of  decomposing  cells  may  also  be  included 
in  the  circuit. 

2.  Comtituthyn  of  the  Mod^l.  The  model  is  either  a  coudnctor  or  a 
non-conductor  covered  with  a  thin  layer  of  a  conducting  substance. 

A*  Every  metal  may  Im?  used  which  does  not  by  itself  precipitate  cop* 
per  from  the  solution  of  the  sulphate — even  lead^  which,  though  it  pre* 
cipjtates  the  copper  slowdy  at  first»  cea«5cs  to  do  so  as  soon  as  its  surfaco 
is  covered  with  that  metal  Tin,  which  exerts  a  stronger  chemical  action 
on  the  solution,  and  is  itself  dissolved  at  the  same  time^  does  not  yield 
impressions  of  e^^ual  sharpness.  The  noble  metals,  copper,  type-metal 
(loa<l  and  antimony),  and  fusible  metal  (2  parts  bisumtK  1  tiu,  and  1 
lead),  are  peculiarly  well  adapted  for  the  purpose;  brass,  on  the  contrary, 
is  not,— because  the  reduced  cupper  is  not  easily  separated  from  it,  and 
when  separated  is  found  to  be  coated  with  a  film  of  brass.  When  the 
copper  is  reduced  on  an  engraved  copper  plate  the  separation  is  easily 
effected,  provided  the  lines  are  not  too  deeply  engmved  or  under  cut, — and 
the  engraved  plate  is  not  spongy,  porousj  or  lamella  ted  on  the  surface,  has 
DO  blemishes,  as  they  are  called, — and  the  newly  formed  plate  is  of  a  proper 
thii*kness.  \VTien  these  conditions  are  fulfilled,  the  reduced  plate  sepa- 
rates almost  spontaneotisly  as  soon  as  the  edges  are  tiled  away.  The 
plate  to  be  engmved  is  best  formed  by  galvanic  action,  inasmuch  as  the 


Mfe* 


Ml  » 


(A-j 


It  no  ] 


wheo  it  ha*  onee  b^«ii  lo 
r  filing  oa  it,  wliick  beeome 


MfU  of  d»  «mM  whidb  •»  i»  te  cMcni;  after  iiyns,  ti^  cneffia- 

i«»fl|inil»go  in  rnhhe^  oW  wiA%irf\nA.  Or  the  pim^s^*^  in  libe 
gH^  «f  dry  pow<kr,  ma/  be  rMmd  mt  iSbm  mtMk  wiA  m  Umdk  oHshiljr 
^giitoMd  Willi  dL  SlMe  Um  cMtiae  «f  fhiMlifen  ooadseti  tel  inpcr- 
MfgOr,  Iht  <»>«ilki»  il  liogfer  m  wmI  ilnwiiBi  ai  dba  pmm%  wkere  ite 
>  tWKfcw  the  «>gfttirtwg  wife.  It  it  Aevel»te  ativMiagmHu  to 
I  strip  of  lead  ot  copper,  cma«etcd  wHk  tlw  ccMidaetiiig  witcv 
i  Ike  am&ea  to  be  eoppeieiL  Tbe  uelal  mm/t  mko  he  placed 
ii  a  koriiootol  p<ii«ti««i.— Wbaa  a  great  ikgree  of  nalleabOttj  b  not 
dfwe^  tl«  growth  of  tlia  hywr  <>l  capy 
fonn,  TO»y  *>**  acorf«m*cd  ^f**^^^^ 
jiiliinaiely  mixod  witb  the  redaeed  eopper. 

The  cbctrt^-typo  procea*  »  appli«>l«  to  eopper-plale  en^raYtogs, 
mg,i|iT'*j  ffler^jpe  plates,  onnunenU, — and  likewise  to  makiag  blocka  fur 
prinUng  ciiHco  and  patierni  for  papcr-baoging,  (Jacobi.) 

Methods  of  others. 

Apparatus  and  Liquids, 

Spsnc^r'*  Apparatus.  A  cylinder  af  glasd,  wood,  or  gUrod  cartbcQ- 
ware  (tinving  a  rim  at  the  bottom  for  retaining  the  gypsum),  is  closed  at 
tb4S  lowf-T  mil  with  a  diapbruj^tn  three  quarters  of  an  inch  thick.  It 
contains  asiue  immur.MfU  in  a  solaticm  of  common  salt,  and  is  itself  eur- 
raun<lcd  hy  u  H^UitioQ  of  fiulphiite  of  cop[>er,  which  contains  the  body  to 
bo  r-ojip<jr*i<l.     Tlio  operation  sacceeda  be«t  when  the  surface  to  be  oop- 
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pered  is  of  the  eame  size  as  the  zinc  Burface,  and  that  of  the  gypsum 
greater  than  either.  The  zinc  is  frequently  cleansed,  the  sult-tiulutit»n 
occasiunally  renewetl.  When  the  process  is  continued  for  some  time,  the 
eopper  solution  must  likewise  be  renew edj  otherwise  the  sulphurie  acid 
which  is  set  free  prevents  the  precipitated  copper  from  at*suming  a  solid 
coDsistcncej  and  converts  it  into  a  brown-red  powder;  in  isuch  a  ease,  the 
copper  must  be  cleaned  with  very  dilute  nitric  acid.  Tlie  formation  of  a 
layer  of  copper  one-eighth  of  an  inch  thick,  takea  eight  or  ten  da^ys. 
(Spencer.) 

BbitgevA  Apparatus.  A  cylinder  six  inches  high  {e.  g,  a  lamp-glaaa), 
open  at  top,  and  tied  round  at  bottom  with  a  thin  piece  of  bladder,  is 
flunk  to  one-half  it^  depth  in  a  somewhat  wider  c3^1inder»  and  fixed  in 
this  position  by  means  of  three  fork-shaped  ignited  copper  wires.  In  the 
lower  cylinder,  two  and  a-half  or  thee  mehes  from  the  bladder,  is  placed 
a  ring  of  unignited  co|>per  wire.  The  model  is  laid  upon  a  ring  of  unig- 
nited  copper  wire,  placed  in  the  lower  cylinder  at  the  distance  of  tw  a  and 
a-half  or  three  inches  from  the  bladder,  and  lerioinatin;?  in  a  wire  which 
passes  up  the  aide  of  the  lower  cylinder^ — then  down  the  inner  surface  of 
the  upper  cylinder  to  within  three  lines*  distance  from  the  bladder — and 
there  forms  a  ring,  on  which  the  zinc  plate  is  laid.  The  whole  surface 
of  the  copper  wire  in  the  lower  cylinder,  with  the  exception  of  the  ring, 
is  covered  with  sealing-wax,  to  prevent  unnecefe^sary  precipitation  of  cop- 
per. The  lower  cylinder  is  filled  with  solution  of  sulphate  of  copper, 
eat u rated  in  the  cold  (which  need  not  be  pure,  and  may  contain  a  largo 
quantity  of  sulphate  of  xinc),  and  contains  some  cryi^tals  of  the  same 
salt.  The  upper  cylinder  contains  a  thick  plate  of  zinc,  partially  amal- 
gamated and  tjf  tiie  same  width  as  the  cylinderj  together  with  a  mixture 
of  1  part  of  oil  of  vitriol  and  10  parts  of  water.  It  is  immersed  to  the 
depth  of  an  inch  or  two  in  the  solution  of  sulphate  of  copper. — Every 
twenty 'four  hours,  the  upper  cylinder  together  with  the  wire  is  taken 
out  of  the  lower  vessel,  the  copper  solution  in  the  latter  stirred  up,  and 
supplied,  if  necessary,  with  fresh  crystals  ^or  it  is  satumted  every  two 
days  with  sulphate  of  copper  at  a  boiling  brat,  and  filtered  through 
linen  when  cold) :  the  acid  is  also  changed,  and  the  zinc  plate  cleaned  or 
renewed.  In  the  course  of  a  week,  a  deposit,  one  or  two  lines  in 
thickness,  is  obtained.     (R.  Bottger,  Ann.  Fhai-uu  35,  216.) 

In  Jacobins  upjjaratus  A,  the  deposit  of  copper  is  more  nniform  and 
pure,  when  the  model  is  placed  upright,  than  when  it  lies  in  a  horizontal 
position.  It  is  not  only  when  the  solution  of  sulphate  of  copper  is  too 
Aveak,  that  the  metal  is  deposited  in  a  pulverized  state,  but  likewise  when 
the  surface  on  which  it  is  deposited  is  too  small  in  proportion  to  that  of 
the  zinc.  Two  or  three  models  nniy  bo  immersed  in  the  copper  solution 
at  the  same  time.  If  the  copy,  after  separation  from  the  mudel,  be  im- 
mersed for  a  short  time  in  the  copper  solution,  the  zinc  c^>nnected  with  it 
remaining  at  the  same  time  in  the  acid,  the  copper  thus  deposited  on  the 
earfaee  of  the  impression  gives  it  a  beautiful  soft  silky  lustre,     (Solly.) 

In  Jacobi's  apparatus  A,  the  copper  wire  attached  to  the  zinc  must 
be  amalgamated,  as  far  as  it  dips  into  the  solution,  to  prevent  the  evolu- 
tion of  hydrogen  gjis  upon  it,  by  w*liich  part  of  the  action  would  be  lost, 
(Bolley,  Ann.  Fhai^,  37,  206,)— Boqnillons apparatus.  (•/,  Fharm,  27, 
216.) 

Smee  (rhiL  Mug,  Jl  16,  550)  prefers  Jacobis  apparatus  B  to  the 
eimple  galvanic  circuit  A.  He  however  uses  in  connexion  with  it  a 
trough  battery  containing  from  two  to  six  pairs.     Along  the  bottom  of 
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the  docompoiing  cell  filled  with  aulphate  of  copp(*r,  thf»re  Funt  i  wifi^ 
on  wbicb  are  jilttced  iie  many  models  a^  may  be  dcsji  •  C&Q  b« 

tokoo  out  ee|niratt'ly  and  replaced  by  new  ones,  wii  iirir  tlie 

re§i,     Tlif*  po^sitir^i  wire  pasKca  over  to  a  large  j»it?ee  of  <*«.  irfc 

dipt  into  tho  coppnr  solution.       Fnnn  nitnitc   of  /-A^sprr,    i  1* 

di'po!tited  more  *pitckly  but  in  a  n»ore  brittle 
sulpbiite, — Jordan  (PltiL  Matj,  J.  li>,  452)  also  i  ,\ 

In  ordor  to  iieutrtili«o  the  free  aulphtiric  sicid  which  vui*  m 

tbe  copper  bolution,  and  at  the  same  time  to  keep  ihe  liqui  .    :  .[<?d 

with  Btdpbtttii  of  copper,  small  bjisr?  filled  with  oitid^  of  copper  are 
suspended  in  the  solution* — The  coalinir  of  copp«5r  is  tbi*-!^'  -»  <  t  n-dr  nt 
the  point  which  '\%  farthest  from  the  conducting  wittp,  w!  icl 

be  pliK*ed  upright  or  horizontally, — and  in  tbe  former  cu-v ,  ., ,.,  ..., .  the 
oonducting  wire  be  attached  to  tbe  upper  or  lower  end  of  the  niodel 
For  this  reason,  it  is  necessary  either  to  have  two  conducting  wira 
fixed  on  oppoeite  sided — or,  if  a  single  wire  be  used,  to  change  M  point 
<rf  attachinent  from  time  to  time.  Sometimes  streaky  deposits  of  copper 
Ere  produced  on  tbe  further  aide  of  the  model,  eren  when  the  currenl 
JB  very  feeble.     (Oerlach,  J,  pr,  Chem.  24,  180.) 

En*fmwd  Copptr-piaUi.  An  enuravcd  copper-plat«  is  carcfuUr  rub- 
bed with  olive-oiU  then  cleaned  and  put  into  the  aj-  '  j  ly 
described  fp.  505)^ — which  must,  however,  be  of  larger  i»d 
in  which  the  plate  \»  four  inches  distant  from  the  bladder.  A  iter  ten 
days,  tlie  doublo  plate  if*  taken  out  and  fixed  in  a  rice,  and  the  cdget 
filed  all  round,  till  the  boundary  line  between  the  copy  and  tbe  ori* 
ginal  becomes  apparent;  the  blade  of  a  pocket-knife  is  then  carefully 
inserted  between  them,  a  thin  horn  spatula  introduced  into  the  split 
thus  made,  aiid  by  means  of  this  the  plates  are  completely  separated. 
The  reversed  copy  thus  obtaint*d,  of  the  thickness  of  half  aliue,  \s  cleaned 
with  caustic  pKitash,  then  rubbed  with  olive  ojf^  and  the  oil  removed  with 
very  soft  blot ting-pn per,  with  the  assistance  of  a  brush.  The  reversed 
copy  is  then  subjected,  in  the  same  manner,  to  the  galvanic  process  for 
fourteen  days;  another  copy  is  thus  obtained^  e^isily  sef^arable^  similar  itt 
every  respect  to  tbe  original  jdate,  and  giving  perfectly  similar  impres- 
sions. Bi>ttger  succeeded  perfectly  in  this  process  with  a  plate  twclra 
inches  high  and  nine  inches  wide,  (^og^j,  54,  300;  also  J,  pr,  Chem.  25, 
116.) 

In  order  that  tbe  reduced  copper  may  separate  with  facility  from  the 
original  plate,  the  latter  is  previously  rubbed,  while  warm,  with  yellow 
wax  mixed  with  a  small  quantity  of  turpentine,  and  the  wax  wiped 
clean  off  after  the  plate  hns  cooled.  When  the  precipitation  of  the  copper 
is  complete,  tbe  back  of  tbe  reduced  phite  is  heated  over  a  spirit-lamp; 
it  then  separates  ttpontaueously  with  a  decrepitating  noise.  The  plato 
thus  obtained  is  then  treateci  with  wax  in  the  same  manner, — and  so 
on.  (Spencer*) — Max^  Duke  of  Leuchteuberg,  rubs  melted  stearic  acid 
into  the  plate,  and  wipes  it  off  again  with  Hirmk 

Since  the  rubbing  in  of  grease  into  the  plate  may  obliterate  the  lines, 
the  process  of  silvering  (recommended  by  Jacobi)  is  to  be  preferred. 
The  plate  is  dipped,  for  ten  minutea,  into  a  solution  of  chloride  of  silver 
in  common  salt,  and  when  thus  slightly  silvered— tbe  atoms  of  copper  on 
the  surface  being  rejdaced  by  silver — it  is  introduced  into  an  apparatus 
like  that  of  Bcittger.  Instead  of  a  ring  of  copper  wire,  however,  the  pfata 
h  supported  on  a  broad  sheet  of  copper,  on  which  a  narrower  vertical 
sheet  is  soldered,     This  broad  isheet  of  copper — which  is  entirely  corerwl 
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with  wax,  with  the  exoeption  of  a  apace  ahout  half  an  inch  wide  all 
round  the  plntcwbicli  lies  upon  it — prevents  the  depoj^itioii  of  fopperover 
the  edge  of  the  original  plate.  The  atrip  of  copper  pas  slug  upwjirds  is 
flcrewe^l  to  a  etrip  of  letnh  wliich  lies  upon  tiie  xitic  pl[ite  ami  h  kept 
upon  it  by  means  of  weights,  Thifi  arrangement  facilitates  the  cleaning 
of  the  zinc  plate.  The  reversed  plate  is  finished  in  six  or  eight  ilays, 
A  plate,  similar  to  the  ori|final,  is  prepared  from  it  in  a  similar  manner. 
(Kobcll,  rolijiec/uK  J.  77,  M;  AUg.  Zcit  1H42,  No.  5i  Beil;  comp,  Max 
Herse.  v.  Leuehtenberg,  J.  pr.  CfirtfL  23,  143.) 

An  engraved  copy  may  he  obtained  from  a  emooth  capper  plate,  by 
drawing  on  the  plate  with  thick  varnish,  and  tbea  coating  it  with  cop- 
per by  means  of  the  battery.  The  copy  thus  obtained  may  he  used  to 
priutfrom;  but  the  depreseions  are  shallow,  and  do  not  retain  tlie  ink 
well*  (Smee.) — The  drawin^af  ia  be^t  made  with  a  solution  of  common 
resin  iu  oil  of  turitciitme,  mixed  wiib  Venetian  red,  mineral  bhirk,  and 
other  mineml  colours.  Wben  this  ink  has  lieen  pat  on^  the  plate  is  sil- 
Tcred  in  the  manner  already  ilepcribed,  ami  then  treated  by  the  electro- 
type proceBS.  Tbe  copper  is  deposited  on  the  ink  as  well  as  on  the  unco- 
vered portions  of  the  surface,  partly  because  the  copper  underneath  acta 
through  the  ink,  and  partly  hy  gradual  growth  from  the  side.  From  the 
plate  thus  obtained  a  reversed  copy  ia  made,  and  from  this  copies  similar 
to  the  original  may  be  obtained,  as  many  as  may  be  deaired.  (Kobell, 
AUf^.  Zdi,  1842,  No.  54;  Pmjq,  54,  303). 

To  obtain  a  copper-plate  with  raised  linei  fit  for  printing*  a  flat  pi  a  to 
16  covered  with  a  coat  of  wax,  and  tlie  lines  etched  npen  it.  The  exposed 
part  of  the  copper  is  then  subjected,  for  a  «hort  time,  to  the  action  of 
nitric  acid  diluted  with  three  purta  of  water  (without  this  previous  treat* 
ment  with  acid,  the  deposited  copfier  woidd  not  adhere  firmly.  The  plate 
is  tben  submitted  to  the  electrotype  process,  the  reduced  copper  ground 
emooth  with  pumjce-stone,  and  the  wax  removed  by  warming  and  rubbing 
with  turpentine.—Oran  engraving  is  made  on  lead  or  type-metal — all  the 
line^  being  of  equal  ilepth  and  fiat  at  the  bottom— and  from  this  an 
electro-type  copper  plate  is  formed,  which  may  be  n^ed  for  printing* 
(Spencen) 

Metallic  Models.  The  beat  material  for  taking  impressions  is  an  alloy 
of  H  parts  bismuth,  8  of  lead,  and  3  of  tin,  which  melts  at  107''V"  C,  or 
225 ■5'^  Fab.  (Roge'e  fusible  metul  produces  a  coarHe-grained  nmss  on 
coolingj  and  does  not  give  equally  sharp  impressions*)  This  alloy  ts  fused, 
poured  into  a  perfectly  dry  pasteboard  tray,  at  least  three  lines  in  depth, 
stirred  w^ith  a  hot  iron  rod  till  its  surface  is  free  from  oxide  and  air  bub- 
bles, and  left  to  cool  to  a  semifluid  consistcace.  The  medat  or  coin  is 
then  heated  till  it  can  scarcely  be  hehl  in  the  hand,  then  quickly  laid  on 
the  alloy^  and  pressed  tirndy  and  contintiously  on  it  by  means  of  a  broad 
cork  fastened  to  a  handle,  till  the  mase  \m»  become  tolerably  cool.  (R. 
Boitger.) 

Impressions  of  steel  and  copper  engravings  may  bo  taken  with  Ho^ei 
fusible  metal,  by  placing  the  alloy^  just  as  it  begins  to  cool,  under  a  ver- 
tically acting  press  J  and  leaving  it  there  till  it  is  cold.  The  electro- type 
plate  formed  upon  this  alloy  is  easily  separated. — If  the  copper  is  to  be 
precipitated  im  the  original  plate,  the  latter  must  be  well  rubbed  witb  oil, 
and  then  carefully  cleansed^  these  operations  being  repeated  eeveral  timea, 
(Marchand,  ♦/,  pr.  Ulieni,  23,  466.) 

If  emi^  of  silver  and  gold  objects  he  made  in  fusible  metal,  tbe  ooppev 
reduced  upoa  tliem  haa  a  white  or  yellow  tint  on  ita  siuface,  (Solly.) 
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Good  casts  may  also  be  made  witb  melted  Iea4«  «a  reootnmeiicfed  hy 

Spencer;  but  the  normal  plates,  wheu  rather  thin,  become  oxid&ted  a&d 
distorted  bj  the  heat  which  this  metal  requires  to  fuse  it 

A  plate  of  lea  J,  which  must  l:»e  perfectly  clean »  may  al*o  be  laid  im 
the  engraved  copper  plate  and  subjected  to  the  action  of  a  very  f»owerfoi 
proas.  For  medals,  which  may  bo  placed  between  two  plati-s  of  lead,  a 
Tice  ifi  sufficient.  Impressions  even  of  wood-cuts  may  be  taken  in  lead. 
For  this  purpose  rolled  lead  must  be  used,  not  cajst  fea<l,  which  is  mon 
solid.  The  impressions  are  very  ^harp.  When  the  copper  has  b«o 
reduc?ed  upon  the  lead,  it  may  be  separated  in  a  few  seconds  by  healiajf 
the  hinder  surface  o\er  a  spirit-lamp,  the  separation  being  eflected  by  the 
differeocc  of  eatpandon  of  the  two  metak.  (Speneer.) 

B5ttger  lays  upon  the  medal  thin  sheet  lead,  freed  from  gremm  bj 
meana  of  caustic  potash,  surrounds  the  whole  with  well-maisteaed  piute* 
board,  and  submits  it  to  the  pressure  of  a  vice,  a  presi?,  or  a  n««vy 
hammer.  To  kee|i  the  lead  plate  from  bending,  it  is  fastened  witb  wax  at 
three  points  to  a  thicker  lead  plate,  and  then  subjected  to  tbe  electroty^ 
process.     Separation  is  easily  efiected. 

Jion-conduciiu^  Moileh,  Stearic  acid,  spermaceti,  wax,  colophony, 
isinglass,  &c.  serve  for  seals  and  gems  which  do  not  sustain  a  high  tempe- 
rature. Finely  pouuded  plumbiigo  is  rubbed  in  with  cotton  or  laid  on 
with  a  brush ;  the  impressioii  is  however  not  so  sharp  as  when  a  metallic 
alloy  is  used,  (Bottger.) 

To  give  a  conducting  6iirfa4^  to  plaster  casts,  paste  models  of  gem% 
earthenware  articles,  wood-cuts,  A'c,  Spencer  (Pog^j.  51,  376)  wets  them 
with  silver  solution,  and  exposes  them  under  a  bell-jar  to  the  vapour  of  a 
solution  of  phosphorus  in  alcohol,  ether,  or  oil  of  turpentine,  contained  in 
a  watch-glass  placed  upon  warm  sand.  Reduction  takes  place  in  two 
minutes.  Porous  objects  may  likewise  be  moistened  with  gold  solution, 
and  the  gold  reduced  by  sulphurous  acid  gas.  (Spencer, )^ — The  reduction 
of  silver  in  this  manner  is  however  tedious  and  irregular.  B<5ttger  there- 
fore {Ann,  Fhurm,  39,  180)  recommends  the  process  of  heating  a  few 
grains  of  phosphorus  with  alcohol  and  a  small  quantity  of  pota3b,  and 
admitting  the  non-inflammable  phosphuretted  hydrogen  gas  thus  evolved 
into  the  sjKice  in  which  the  plaster  cast,  saturated  with  solution  of  stiver 
and  still  moist,  is  situated.  Reduction  takes  place  instantly. — ^Elsner 
(*/.  pi\  Chrm,  22,  34G)  mixes  up  finely  p*>wdered  gypsum  with  filtered 
sour  whey  instead  of  water.  The  cast  thus  ohtaine<l  is  covered,  after 
drying,  with  solution  of  silver  and  exposed  to  sunlight;  it  then  assumes 
a  brown  c«>lour  from  reduced  silver,  and  is  well  adapted  for  the  depo- 
sition of  copper. 

To  obtain  casts  of  figures,  the  figure  formed  of  stearic  acid  is  covered 
with  plumbago  and  coppered  in  Jacobi's  apparatus  B,  The  stearic  aci«l 
is  then  melted  out,  a  bladder  containing  zino  and  dilute  sulphuric  acid 
suspended  in  the  hollow,  the  remaining  space  filled  with  solution  of 
sulphate  of  copper,  and  the  zinc  connectetl  with  the  copper  mould.  After 
a  few  days,  the  outer  mould  may  be  separated  from  the  cast  formed  with  in 
it.  (Max.  Herzog  von  Leuchteubcrg,  */.  pr.  Chem,  23,  146.) 

Since  cop])er  obtained  hy  the  electrotype  process  soon  tarnishes  on 
exposure  to  the  air,  lieeoniing  sometimes  ytdlovv,  sometimes  red,  Solly 
recommends  that  it  be  heated  to  redness,  whereby  it  will  acquire  a  uniform 
and  permanent  grey  tint,  and  when  slowly  cooled  will  be  perfectly 
doetile. — Copper  precipitated  by  galvanic  action  breaks,  on  being  bent,  at 
tbe  same  angle  as  cast  copper;  but  after  being  ignited  and  slowly  cooled. 
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it  is  as  flexible  aa  sheet  copper.  [Spencer). — Copper  obtained  by  galvanic 
action  is  very  hatfl  aiKl  brittle,  even  when  it  baa  been  precipitated  by  a. 
very  feeble  electric  current.  By  ignttion  it  becomes  perfectly  soft  and 
malleable,  but  at  tlie  same  time  it  undergoes  considenibli!  expansion,  so 
tbat  a  strip  of  galvaaic  copper  5  J  inclioa  long  la  lengtbened  iv  quarter  of 
an  iocli  after  ignition  and  cooling,  an  expansion  wbicb  amounts  to  -^^  of 
its  length.  Hence  tbe  copy  of  an  engraved  plate  must  not  bo  ignited, 
particularly  as  tbe  expansion  might  be  unequal  in  diflerent  directions,  and 
a  distorted  picture  would  con8e(|uently  be  produced :  another  objection  is 
that  the  greater  softness  of  the  ignitea  copper  would  diminish  the  number 
of  impressions  that  could  be  taken  from  itr  But  if  tbe  plate  be  heated 
only  to  the  temperature  of  melting  ziuc  (about  227'*  C  or  400^  F;)  it  will 
not  be  injured,  but  merely  so  far  deprived  of  its  brittleueea  aa  not  to 
break  under  the  pres^.  (Gerlacb.) 

To  obtain  electrotype  impressions  and  copper  plate  engravings  from 
a  Daguerreotype  picture  (p.  17?^),  tbe  following  process  is  adopted.  The 
plate  on  which  tbe  sun-picture  is  formed,  is  covered  on  the  back  and  edges 
with  siiellac  varniEsh,  with  the  exception  of  one  spot  on  the  edge  to  which 
the  conducting  wire  rs  afterwards  to  be  attached.  The  same  treatment  is 
applied  to  a  platinum  plate  of  equal  size,  which  is  coated  with  pulverized 
platinum  by  Smee*s  method  {p,  419),  in  order  that  the  hydrogen  gas  may 
be  more  easily  evolved  and  not  accumulate  in  large  bubbles;  for  this 
woultl  weaken  the  galvanic  action  on  the  opposite  part  of  the  sun-picture. 
The  two  plates  are  disposed  parallel  to  one  anotlicr  and  two  inches  apart, 
in  two  grooves  of  a  wooden  frame, — and,  together  with  this  framej  dipped 
vertically  into  a  mixture  of  two  measures  of  hydrochloric  acid  and  one 
measure  of  water  (sp.  gr.  I'l).  Tbe  electric  current,  which  acts  upon 
these  two  plates — of  which  the  Daguerreotype  plate  plays  tbe  part  of 
anode  and  tbe  platinum  plate  that  of  cathode^ — is  produced  by  a  singlo 
pair  of  Grove*s  battery^ — zinc,  dilute  sulphuric  acid,  concentnUed  nitric 
acid,  and  platinum  (p.  422).  The  zinc  and  platinum  plates  of  tho  batteir 
must  \m  of  the  same  size  as  the  Daguerreotype  plate.  The  circuit  is 
closed  by  means  of  two  platinum  wires.  The  platinum  wire,  proceeding 
from  the  platinum  plate  of  tbe  exciting  cell»  is  pressed  upon  that  point  of 
the  sun-]iicture  which  is  not  covered  with  shellac -varnij^lij  and  the  wire 
proceeding  from  tbe  zinc  plate  simultaneously  pressed  upon  the  uncovered 
spot  of  tbe  platinum  plate,  an  assistant  noting  the  time.  The  action  is 
completed  in  an  interval  of  time  varying  from  twenty-five  to  thirty 
seconds  (with  other  galvanic  apparatus  the  time  would  be  different).  The 
frame  is  therefore  taken  out  after  twenty-tive  seconds,  the  plate  washed 
with  pure  water,  and  If  the  action  is  not  found  to  be  quite  complete,  again 
submitted  for  a  few  seconds  to  the  electric  current-  The  plate^  after  being 
washed,  is  laid  in  a  tlat  box  contaiiiing  very  dilute  solution  of  ammonia, — 
the  picture,  which  is  of  a  brown  colour,  being  turned  upwards — and  the 
picture  ge!itly  rubbed  with  soft  cotton  tdl  all  the  precipitate  is  dissolved. 
The  plate  is  then  immediately  taken  out,  washed,  and  dried. 

Tbe  best  mode  of  using  a  plate  thus  treated,  is  to  take  electrotypo 
copies  from  it;  any  required  number  may  bo  obtained,  and  all  very  exact. 
For  printing,  the  plate  is  not  so  well  adapted;  for  if  it  be  so  slightly 
etched  with  hydrochloric  acid  as  not  to  obliterate  the  finer  touches,  the 
printing  ink  will  not  hold  well  in  them,  and  the  impressions  obtained 
wUl  be  imperfect;  and  if  tbe  acid  has  acted  more  strongly,  the  ink 
adberea  well,  it  is  true,  but  the  finer  traits  of  the  sun-picture  are  destroyed. 
— A  Daguerreotype  plate  may  indeed  be  directly  treated  by  the  electro- 
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tjpe  proeOM  wHboot  previoTislj «n1>jectin|r  it  to  the  mct^cm  <^\yigmiXem 
iM?id  in  the  electric  circuit;  but  nuch  treatineiit  yields  oolv  a  single 
faint  iwpressrion, — and  in  tnktng  thig,  the  original   i»  destrojod*  (" 
Phil  Mn^,  J,  19,  247;  20,  24;  alflo  J.  pr.  Chem.  25,  Ml.) 

Theory  of  Galtaktsm. 

1.  In  1790,  Galrani  dii*cover«d  that  the  exposed  mnBclea  of  Vtriog 
animak  are  thrown  into  conrulfiions  by  contact  with  different  metali,  vni 
he  endenvonred  to  explain  thie  phenomenon  by  assuming?  the  exi«ti^ni:#  af 
a  peculiar  kind  of  electricity,  which  he  called  Animal  Electricity.  Yolta 
aicrib^  the  phenomenon  to  common  electricity,  which  he  supposed  to  he 
developed  by  the  contact  of  disgirnilar  metale.  This  he  eoaeavoored  to 
prore  by  his  Fundamental  Erperunrnts,  in  1796.  In  1800,  he  inrttttlid 
the  pile  called  after  hi«  name — an  instrument  to  which  chemistry  w»tto<m 
indebted  for  the  mostt  important  ad%'ance«.  Accordinji;  to  Volta  a  Coiitic|i> 
theory,  Galvanism  or  Galvanic  Electricity  \b  produced,  not  by  rben^flil 
ehangcg,  a«  hae  been  astiumed  in  the  preeent  work  (pp.  328.. .430),  Imi 
solely  in  consequence  of  the  contact  of  di^*imilar  conducn  '  'lea.  On 
this  supposition.  Contact-electricity  takes  the  place  of  Cht i  ctncily. 

The  leading  principle*  of  Volta's  theory  are  as  followg. 

When  two  dissimilar  conductors,  t,g.  fine  and  copper,  touch  Oflt 
another,  a  very  small  quantity  of  positive  electricity  paisea  front  th« 
copper  to  the  zinc  and  an  equal  qanntity  of  negative  electricity  from  tha 
Einc  to  the  copper,  until  a  certain,  hut  aWays  very  small  electrical 
tension  is  attained.  In  contact  with  lead,  nlso,  «lnc  takes  positive  elec- 
tricity while  the  lead  takes  neo^ative  electricity,  but  only  up  to  a  ttioch 
lower  degree  of  intensity.  On  the  contrary,  when  lead  and  copper  ar«  in 
contact,  the  lead  takes  posritiv^e  and  the  copper  nearativo  electric  it  v:  but  in 
this  case  also,  the  intensity  is  less  than  in  the  case  of  zinc  an<l  Clipper. 
In  accordance  with  this  view^  an  Ehctrie  Sfrie^  or  ♦SVnV*  of  In  ten  Miff  of 
conductors  may  be  drawn  up,  proceeding,  according  to  Vulta,  as  follows: 
Zinc,  lead,  tin,  antimony,  brass,  copper,  platinum,  silver,  gold,  charcoal^ 
graphite,  peroxide  of  manganese.  (This  series  has  since  nuder^o^ 
several  alterations.)  Zinc  takes  positive  electricity  when  in  oontact  witli 
any  of  the  conductors  above  mentioned,  and  is  therefore  the  roost  electn>- 
positive  of  them  all;  peroxide  of  manifaneee,  which  takes  ncj^tiv# 
electricitv  when  in  contact  with  any  of  the  metals,  is  the  most  eJcctiH^ 
negative!^  The  other  conductors  are  electro-positi%^e  towanls  all  thoee 
which  follow,  and  electro-negative  towards  all  which  precede  thoni  in 
the  series;  but  the  electric  tension  of  two  metats  is  greater,  the  farther 
they  are  removed  from  one  another  in  the  electric  series, — Volta  likewi«o 
^ipposes  that  a  good  conductor  excites  electricity  when  in  contact  with 
a  watery  liquid,  the  metal  taking  the  negative,  the  liquid  the  poaitive 
electricity, — When  two  metals,  zinc  and  copper  for  example,  aw*  in 
contact  with  one  another  and  also  with  a  watery  liquid,  the  positive 
electricity  accumulated  on  the  zinc,  and  the  negative  electricity  accumu- 
lated on  the  copper,  neutraline  one  another  through  the  medium  of  the 
liquid, — whereupon,  positive  electricity  again  pa>?ees  from  thecopjier  to  the 
«inc,  and  negative  electricity  from  the  ainc  to  the  copper.  Thene  quan* 
titles  likewise  unite  throu^jh  the  medium  of  the  liquid,  and  thus  a  constant 
current  is  kept  up,  positive  clectricit}'-  passing  from  the  copper  to  thu 
fine,  from  the  zinc  to  the  liouid,  and  from  the  liquid  to  the  copper  ag^ain* 
The  decompositions^  whioJi  the  liquid  undergoes  during  this  proc6S8|  are 
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not  the  cause  of  the  electric  current  aa  we  have  hitherto  supposed  (pp. 
341   .  345)f  but  a  consequence  of  li 

This  theory  of  cont*'ict,  to  which  in  any  of  the  most  tlistinguiehed  cul- 
tivators of  physical  ecieiico  tire  j^till  attached,  rests  principally  on  Volta'f 
Fundnmental  Experimaits^  front  which  it  would  appear  that  in  the  con- 
tact of  dissimilar  motals,  even  when  no  chemically  acting  liquid  m  present, 
electrical  tension  is  developetK  But  even  if  the  greater  number  of  theso 
experimenta  are  assumed  to  be  correct,  they  still  admit  of  another  iuter- 
pretationj  in  accordance  with  the  euppo^itiou  that  cheniicat  action  is  the 
cause  of  the  electric  tension  produced.  A  few  examples  will  perhaps 
make  tliie  clear.  It  must  previously  be  stated  that  in  tbeae  experiments 
a  gold-leaf  or  Btraw-haulm  electrometer  fitted  wtlh  a  condenser  is  used. 
The  lower  plate  of  the  condenser  is  screwed  on  to  the  electrometer;  the 
upper  plate  may  be  removed  by  an  insulating  handle.  The  surfaces  of 
the  two  platen  of  the  comleoser  which  touch  one  another,  are  ground  very 
emooth  and  covored  witii  a  thin  coat  of  varnish* 

£rp,  1,  Both  plutea  of  the  condenser  coni<ist  of  xinc.  The  lower 
zinc  plate  is  touched  with  a  copper  plato  held  in  the  hand.  If  the  copper 
plate  be  then  removed  ami  the  upper  plate  of  the  condenser  subsequetitly 
raised,  the  electrometer  ebowa  positive  electricity  in  the  lower  zinc  plate. 
This  plate  has  therefore  taken  positive  electricity  from  the  copper  plate 
which  touched  it.  [The  oxidizing  action  of  the  air  and  of  tho  moiisture 
contained  in  it,  sets  negative  electricity  free  in  both  Kinc  plates  i  tbit 
negative  electricity  is  carried  away  from  the  lower  xinc  through  the 
clipper  plate — accumulates  with  so  mucli  the  greater  intensitv  in  tho 
upper  zinc  plate — and  gives  ri^ie  to  a  transference  of  positive  electricity 
from  the  hand  tbrongb  the  copper  to  the  lower  plate.] 

£xp,  2,  Both  plates  of  the  condon^ier  consist  of  copper,  The  lower 
js  touched  by  a  sine  plate  held  in  the  hand.  On  subeequentlv  removing 
the  zinc  plate  and  raising  the  cover  of  the  condenser,  the  electrometer 
exhibits  negative  electricity.  Couseqnently,  negative  electricity  has 
passed  from  the  zinc  to  the  copper.  [Negative  electricity  accumulates  in 
the  zinc  which  \s  m  contact  with  tho  moiuture  of  the  band  and  of  the  air) 
thence  it  pa8s>e8  through  the  hand,  which  is  an  imperfect  conductor,  into 
the  lower  copf>er  pbitc,  wbero  it  accumulateB  in  greater  quantity,  in  con- 
sequence of  the  condensing  action  of  the  cover;  en  the  removal  of  the 
cover,  the  accumulation  showa  itself. 

£itp.  3,  The  condensing  plates  are  made  of  copper.  A  zinc  plat«  is 
aoldercfl  to  a  copper  plate,  and  the  lower  plate  of  the  condenser  i»  touched 
by  the  copper  plate,  while  the  zinc  plate  is  held  in  the  band.  After  the 
reparation  of  the  copper  plate  and  cover,  negative  electricity  fihowg  it&elf 
in  the  lower  plate.     [The  same  explanation  as  in  Exp.  2.] 

Erp.  4.  The  same  arrangements  as  in  Exp,  S.  The  copper  plate  is 
held  in  the  hand,  and  tlie  lower  plate  of  the  condenser  touched  by  tba 
zinc  plate,  not  directly,  but  with  the  interposition  of  a  piece  of  moistened 
paper.  On  removing  tho  zinc  plate  and  cover,  the  electrometer  f*howii 
positive  electricity*  [In  eonsietjuenco  of  the  action  of  the  liquid  in  the 
paper  on  the  zinc,  negative  electricity  accumulat*^3  in  tho  zinc,  and  posi* 
tive  electricity  in  the  liquid;  the  positive  electricity  is  consequently  com- 
niuuicated  to  the  plate  of  the  condenser,] 

That  zinc  and  other  ntetals  oxidate  in  the  air  at  common  temperatures 
i  s  p  roved  by  their  tarn  i  ^b  i  ng ;  e  ve  n  go  I  d  an  d  platinum  beco  rn  e  m\  i  gh  t  ly 
tarnished.  An  extremely  tjlight  degree  of  oxidation  is  sutHcient  to  give 
evident  signs  of  electricity.     (This  is  likewUe  shown  by  Faraday's  expe- 
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riment,  p.  376.)     MoreoTer,  a  certain  time  U  alwa3r8  T«*|uired  for  diatf- 

ing  ttie  condenser;  the  transference  of  electricity  is  not  niomentajy.  A 
thin  layer  of  varnif^h  docs  not  protect  the  zinc  perfectly, — it  allows  mil  *a 
p4k68  throngb;  hut  the  thicker  the  coaling,  the  more  doe*  the  developJaecl 
of  electricity  diminish,  finally  ceasing  altogether.  (De  la  Rive.) — On  Uie 
contrary,  Fechner  remarks  that  even  thickly-varnished  zinc  plates,  lo 
which  ferass  or  platinum  is  soldered,  give  the  same  cl^^ctrieity;  and  that 
electricity  is  likewise  obtained  with  gold  and   l  and  with  stiver 

and  gold,  but  not  with  gold  and  platinum^  hecau  '   two  metals  am 

too  near  to  one  another  in  the  electric  aeries. 

The  electrical  eeriee  of  metals  corresponds,  for  the  moet  ptfirt,  to  Mk 
different  degrees  of  affinity  for  oxygen  and  substances  allied  to  it. 

The  series  %'arie«t  according  to  the  nature  of  the  liquid  {vid,  pp.  351^ 
352,  353,  363,  364,  366,  374,  and  375),  that  metal  which  has  the  greater 
tendency  to  combine  with  the  electro-negative  element  (oxygen,  sulphar^ 
&c.)  of  the  given  liquid,  always  appearing  the  more  positive  of  the  two; 
and  the  reversal  of  the  current,  which  sometimes  occurs,  always  corre- 
sponds to  the  greater  tendency  which  the  other  metal  then  acquires  to 
appropriate  the  oxygen,  ifcc,  of  the  liquid.  According  to  the  chemical 
theory,  therefore,  the  explanation  of  these  phenomena  is  self-evident ;  but 
if  we  adopt  the  contact-theory,  we  are  obliged  to  suppose  that  different 
liquids  produce  various,  and  often  very  high  electric  tensions  when  in  con- 
tact with  diflerent  metals, — and  that  the  tensions  thus  proiluoed  overcome 
that  which  exists  between  the  two  metal*,  thus  giving  the  current  an  un* 
usual  direction.     But  the  cause  of  these  differences  is  by  no  menus  obvious. 

In  all  cases  in  which  chemical  action  is  absent,  there  is  either  no  cur- 
rent or  a  very  feeble  and  uncertain  one,  which,  as  shown  by  Fararlay  and 
De  la  Rive,  may  be  attributed  to  a  trace  of  impurity  in  the  liquid  or  the 
metals,  more  especially  as  the  galvanometer  used  in  such  experiments  is 
possessed  of  extraordinary  sensibility.  Why  is  it  that  gold  gives  no  cur- 
rent with  platinum  in  nitric  acid,  although  that  acid  is  a  good  condactorl 
— and  why  does  the  addition  of  a  drop  of  hj^drochloric  acid  produce  a 
strong  current,  making  the  gold  positive  1  Similarly^  platinum  gives  no 
current  with  rhodium  in  nitric  acid,  but  becomes  positive  on  the  addition 
of  hydrochloric  acid.  Palladium  gives  no  current  with  platinum  in  hydro- 
chloric acid,  but  becomes  positive  on  the  addition  of  nitric  acid»  &'c',  &<*. 
(De  la  Rive.)  So  likewise  iron  and  platinum  in  solution  of  sulphuret  of 
potass  J  urn  give  no  current,  because  neither  of  them  abstracts  sulphur  from 
the  liquid;  but  all  metals  which  act  in  that  manner  produce  a  current 
(p.  373). — Lead  in  sulphuret  of  pota.ssium  is  positive  towards  platinum 
when  first  immersed;  but  after  two  minutes,  the  current  ceases  entirely^ 
because  the  lead  becomes  covered  with  sulphuret — which,  though  it  oott- 
ducte  the  feeblest  current,  prevents  the  access  of  the  liquid  to  the  leacL 
(Faraday.)  In  all  cases,  the  metal  which  takes  up  oxygen  or  chlorine 
becomes  positive;  and  when  the  liquid  is  of  such  a  nature  that  neither  of 
the  two  metals  can  take  from  it  any  element  of  that  class,  no  current  is 
produced,  however  well  the  liquid  may  conduct. — It  is  remarkable  that  no 
current  is  produced  in  any  case  in  which  chemical  action  is  absent.  Now^ 
according  to  the  contact  theory,  there  must  in  every  «uch  instance  be  an 
exact  equilibrium  Ijetween  the  electric  tensions  of  the  metal  n  and  the 
metul  A,  the  liquid  and  the  metal  o,  and  the  liquid  and  the  metal  5.  Thus, 
the  theory  requires  a  special  adapation  to  each  particular  case;  it  is  inca- 
pable of  predicting  anything.   (Faraday.) 

No  circuit  of  tnree  solid  conductors,  e,  g.^  platinum,  fine,  and  peroride 
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of  lca4  (or  any  iQiperfectly  conductiug  mineral),  ever  proJoces  a  current 
(Faraday);  the  presence  of  a  decompoaible  liquid,  wbose  atoms  are  aus* 
oeptible  of  transposition,  appears  to  be  indispen sable » 

But  tbe  strongest  objection  to  tbe  tbeory  of  contact  is  to  be  found  ia 
the  absnrditics  which  it  involve.^.  It  is  not,  as  Fanwlay  observes,  very 
easy  to  understand  why  the  unknown  force  which  causes  positive  elec- 
tricity to  accumulate  in  the  zine,  and  negative  electricity  in  the  copper, 
doe«  not  retain  these  electricities  Ju  the  metals,  but  allows  them  to  reunite 
oontinually  through  the  mediuui  of  the  le«s  perfectly  conducting  liquid, 
and  produce  a  continuous  current,  Thia  a^aiu  seems  to  imply  that  the 
decomposition  of  the  liquid  is  the  primary  cause  of  the  current.  Who- 
ever does  not  regard  it  in  this  light  must,  as  Faraday  has  shown,  admit 
th©  peeaibility  of  Ferpttmil  Motion,  To  produce  this  phenomenon,  we 
only  require  two  metals  and  a  liquid  whose  elements  do  not  combine 
with  either  of  them.  The  self-reverting  current,  constantly  excited  by 
these  metals,  muy,  by  means  of  electro-magnetic  arraugemenia,  he  made 
to  give  motion  to  machinery,  without  being  weakened  and  altimately 
destroyed  by  this  expenditure  of  force.  At  the  same  time  it  perhaps 
decomposes  the  liquid,  water  for  example  j  and,  in  order  that  this  liquid 
may  not  require  renewal,  the  detonating  gas  given  otl'  may  be  collected  in 
a  vessel  containing  spongy  platinum,  where  it  will  recombine  and  fonn 
water,  and  in  that  state  may  How  hack  again  to  the  metals.  And  there 
we  have  the  Perpetual  Motimi  complete ! 

One  force  calls  another  into  action: — friction-electricity  is  excited  by 
mechanical  forc^j  thermo-electricity  is  connected  with  the  motion  of  heat; 
Imt  contact-electricity  proceeds  from  nothing, — ^it  is,  in  fact,  a  creation  of 
force.  (Faraday.) 

Even  &uppot*ing  it  should  hereafter  lie  proved  that  electrical  tension  is 
excited  by  tlie  contact  of  two  dissimilar  conductors,  and  that  the  contact- 
t b CO ry  is  $ofar  true  :  still,  mere  contact  in  a  state  of  rest  will  never  pro- 
duce a  conlinuous  current  i  such  a  current  can  ensue  only  from  continued 
chemical  action.^*!  t  is  urged  on  the  part  of  the  contact-theory  that  strong 
chemical  action  is  often  accompanied  by  very  feeble  currents.  The 
chemical  theory  explains  this  fact  by  pointing  to  the  diflerence  between 
electro-chemical  and  pure  chemical  action,  the  former  of  wbich  alone 
excites  a  current.  The  contact-theory  regards  this  distinction  as  an  un- 
demonstrated  hypothesip,  assumed  to  meet  a  particular  case.  But,  accord- 
ing to  the  chemical  theory,  the  distinction  is  manifest;  for  the  amount  of 
eleclrO'Chemical  action  is  exactly  proportional  to  the  quantity  of  hydro- 
gen gas  evolved  on  the  surface  of  the  copper — and  the  amount  of  pure  or 
ordinary  chemical  action,  to  the  quantity  evolved  on  the  surface  of  pure 
zinc. 

It  is  often  objected  to  the  adherents  of  the  chemical  theory  that  tliey 
do  not  sufficiently  understand  the  theory  of  contact.  May  it  not,  on  the 
other  band,  be  safely  asserted  that  many  adherents  of  the  contact-theory 
have  never  yet  given  themselves  the  trouble  to  acquire  a  t  bo  rough  know- 
ledge of  the  chemical  theory?  On  no  other  supiKJsition  is  it  possible  to 
explain  their  frequent  citations  of  facts,  which,  in  their  opinion,  ought 
completely  to  overturn  the  chemical  theory >  when  in  reality  they  are  in 
perfect  accordance  with  it; — just  as  in  former  days^  many  philosophers, 
especially  among  the  Germans,  from  too  great  partiality  towards  the  old 
theory  of  phlogiston,  endeavoured  to  support  it  by  the  most  ingenious 
expositions,  without  paying  sufficient  attention  to  the  new  antiphlogistic 
theory, 

VOi.    J,  2    L 


5H 


ELBCTBICITY, 


1 


2.  Nobili  bas  endearourcd  to  reduce  galyanic  eleetriciiy  ta  tlmv^ 
r!  iu  so  far  as  the  :  coine  unequally  hcat«S  during  Ifa 
cl  M  tion.  Tbis  TieWj  .,  l^jcii  eef^e^ially  oitlled  m  i|iw»tjaa 
by  Bec^ucrel,  doee  not  deem  to  be  gener^ly  i^ppHcablo  in  the  fmu  of  tbe 

ecivnt'o. 

3,  Fabroni  {Gilh,  4,  430;  6,  4C>d)  and  Parrot  first  declare*!  themsolm^ 
in  oppoi'itioij  to  Volta,  In  favour  of  the  cbemical  tbcorv%  Amoog  Ui# 
diiTcreut  gupportor^  of  this  iheory,  bowevofi  there  exist  ^  uadc*  of 
opinion,  Sir  H.  Davy  acimittcti  the  existence  of  0Qiitu__  Liiciiy  u 
well  as  that  of  chemical  electricity.  Others  ascribe  tbo  pheaomena  of 
galvanism  solely  to  ehemical  actiou.  Aiii*>"'^  0--^*'  Utt<*r,  t^nm'^  .iv*niitt 
the  existence  of  one  or  two  iuipondcrable  ^ — the  o  nbu 
To  t\m  class  belongs  the  Uieory  of  Becquer^ .,  .i^  ocU  :t*  Umt  ,  <  i  h 
the  prescmt  work  :  the  latter  ugreea  more  closely  t hut i  ri  v  .  ii  t  ,v  L  li 
viewet  of  Gruttbuss, — Others  deny  the  existence  of  u  j»'ctili.Ar  elu%  Uit^U 
matter.     Thia  view  bas  been  inoi$t  decidedly  advocated  by  QnUiam:  it 
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pposes  that  the  atoms  of  a  body  are  brought  by  ehetnical  n 
culiar  f>olar  etat«,  which  is  propagated  throughout  the  binl 
Ibout  the  electrical  phenomena*  A  fidl  exposition  of  this  tli 
found  in  Graham  »  ElrvimU  of  C/ieniUtri/,  pp.  lf>7 — 235*  T)* 
Faruday  abo  appear  to  incline  towards  this  view.  De  In 
22i>)  regards  affinity  and  electricity  as  different  man 
aame  force,  which  probably  consists  in  this — that  every  atum  ha^  thm 
power  of  throwing  the  ether  into  a  certain  state  of  vibratioB,  In  oilier 
respects,  many  of  hii3  explanations  of  galvanic  jdienomeua  approach  reif 
Nolosely  to  those  laid  down  in  the  present  work.  In  a  sioiiiar  nuuiiiff, 
Vusmy  regards  the  electric  current  a?  only  another  form  of  affimty,  aad 
ih»  ANme  uj^aally  denominated  Electricity  and  Affinity,  as  one  siad  the 


same. 
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ExperimentB  which  aeem  to  show  that  magneiiam  iB  not  wholly  wiili^ 
out  influence  on  cryatalUsationi  and  on  chemical  combination  and  deoom* 

Soeition — but  which  stand  greatly  in  need  of  yerificatioa — baTO  been 
escribed  by  the  following  philosophers:  Ambn  (Qilb.  3,  50;  5,  394;  8» 
279);  Liidicke  {Gil(f.  D.  375;  11,  117;  68,  7a);  Mn^-ninnn  k  Hansteeo 
{Gilb.  70,  234);  Murray  {PhU.  Ma^,  J.  18,  383;  34.  133;— 

Ann.  PhiL  19,  120);  Schweigger  and  Ddbereiner  (.s^.,...  .4,  84);  Reade 
(Ann,  Chim.  Phy$,  38»  10$;  uHbq  Ka&in,  Arckiv.  15,  335);  a«d  Zante- 
dedchi  {Bibl  ttniv,  43,  22):— also  Hunt  (PhU.  Ma(h  J,  28;  L) 

Opposite  result*,  which  seem  to  show  tJiat  niagnotiem  exerts  na 
influence  of  the  kind,  have,  on  the  other  band,  been  obtained  by  SteiD- 
Iliofer  {Gilb,  14,  124);  Erman  {GUb.  2<5,  139);  G.  Bischof  (in  mn^m 
Lehrh  d.  reinen  Clietnie  1,  66);  Kastner  (KaMn.  Arch.  6,  448);  B.  M. 
{Ann.  PhiL  19,  30) J  Catullo  &  Fueinieri  (Bruifn.  Giom.  15,  198);  Weti^ 
ler  (Schw,  56,  218);  Schwein8l>erg  {Ma^.  Fharm,  31,  17,  and  144); 
Brooke  {Edm.  Phil  J.  13,  8);  Pnlk  {Kastn.  Ankiv,  7,  467)  and  fird- 
mann  {Schw.  56,  24). 


MaonbTIC  CONBmON  OF  ALL  MatTBB. 

IT  Faraday  has  lately  made  the  important  discovery  thai  all  liquid 
and  eoUd  substancea  are  subject  to  magnetic  influence. — According  to 
the  results  obtained  by  this  distinguished  philosopher,  bodies  ma.j  b« 
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diirideiJ  into  two  great  claasea — the  Afapidic  and  llie  Diamagnetic,  The 
former  cfaBs  iDcludea  those  bodies  which  exhibit  the  well  known  phe- 
nomena of  ordinary  magnetie  attraction  and  repulsion^^heing  aitracied^ 
when  in  their  natural  state,  bj  either  pole  of  a  magnet, — and,  wliea 
shaped  into  bars  or  rods  and  suspended  between  two  opposite  magoetio 
poles  —pointing  axialhj^  that  is  to  say,  in  a  straiglit  line  between  them.  The 
bodies  belonging  to  this  class  are  afl  metal  I  it-  (including  oxidoa  and  salts), 
viz.,  iron,  nickel,  cobalt,  manganese,  chromium,  ceriam,  titaniam,  palla* 
dinm,  platinum,  osminm. — The  magnetic  propertietr  of  iron,  nickel,  and 
cobalt  have  long  been  known.  In  the  other  metals  of  the  series,  magnetio 
ensceptibility  can  only  be  detected  by  the  use  of  magneto  of  great  power. 
Manganese,  chromium,  cerium,  titanium,  and  osmium,  are  placed  by 
Faraday  in  the  magnetic  chi^,  because  certain  of  their  eompouuds  exhibit 
the  ordinary  magnetic  relations. 

The  second  or  Diamfif/jietic  cIilb^  includes  all  liquids  and  solidij,  both 
organic  and  inorganic,  which  do  not  belong  to  the  mapidlc  class.  The 
law  wiiieh  governs  the  action  of  magnets  on  these  bodies  is  as  follows, ^ — 
A  particle  of  a  dkimagndk  hodif  placed  in  the  nei</hboiirh^od  of  either  poU 
of  a  magnet  U  rkpklled  6//  that  pole. — Hence  it  follows,  that  a  bar  of  any 
diamagnetic  substance,  suspended  by  its  centre  midway  between  two 
magnetic  poles  wiil  point  equator kdlt/^  that  is  to  say,  lit  right  angles  to 
the  straight  line  joining  the  two  pole»— =that  being  the  potiition  in  which 
every  part  of  it  is  at  the  greatest  possible  distance  from  each  of  the  poles; 
— and  if  its  centre  be  placed  on  either  side  of  the  axial  line,  the  whole 
bar  will  recede  from  that  line,  placing  itself  at  the  same  time  e^uatorially. 
A  globe  or  ctil>e  does  not  point,  but  exhibits  the  simple  phenomenon  of 
repulsion.— If  two  small  balls  of  any  diamagnetic  substance  be  suspended 
between  the  two  raaguetic  poles>  they  will  be  driven  towards  one  another, 
aa  if  they  were  actuated  by  mutual  attniction.^The  position  which  a  bar 
of  any  substauce  takes  up  when  suspended  horizontally  between  two  mag- 
netic poles  furnishes  the  best  means  of  detennining  whether  it  belongs  to 
the  magnetic  or  the  dianiagnetie  cla^ns; — if  it  be  magnetic^  it  will  place 
itself  axially;  if  <liaraagnetic,  equatorially. 

The  diamagnetic  force  cannot  be  perceptibly  developed  withont  the 
use  of  exceedingly  powerful  magrietij :  electro-niagneta  answer  the  pur- 
pose best ;  but  large  permanent  magnets  may  also  be  used.  The  great 
power  required  to  develop  this  mode  of  action  explains  the  reason  of  its 
having  been  previously  overlooked. 

Bismuth  appears  to  be  the  most  powerfully  diamagnetic  of  all  eub- 
fltances;  then  follows  phusphorus,  then  antimony,  then  heavy  glass  (silicon 
borate  of  lead). — Among  the  metals,  the  order  of  diamagnetic  energy 
appears  to  be  as  follows :  Bismuth,  antimony,  Kinc,  tin,  cadmium^  sodltjm^ 
mercury,  lead,  silver,  copjier,  gold,  arsenic,  uranim,  rhodium,  iridium, 
tungsten. 

Some  remarkable  results  are  obtained  wheE  solutions  of  magnetic 
liquids  in  sealed  tubes  are  suspended  in  vesfiels  filled  with  solutions  of 
flimilar  DaturOj  but  dilTerent  strength,  and  placed  between  the  magnetic 
poles.  For  instance,  protosulpbate  of  iron  is  a  magnetic  substance,  being 
attracted  by  the  magnet,  an<l  pointing  axially  between  the  poles.  I^ow, 
water  being  a  diamagnetic  liquid,  it  is  possible,  by  varying  the  strength 
of  an  aqueous  solution  of  protosulpbate  of  iron,  to  make  it  either  mag- 
netic, inditferent,  or  diamagnetic,  when  suspended  in  air.  Suppose,  then, 
two  solutions  of  this  salt  to  be  prepared  of  different  fitrengths,  but  such  aa 
to  be  both  magnetic  in  air.  Let  one  of  these  solutions  be  put  into  a  glaaa 
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tube,  and  tbc  otter  into  a  jar  within  which  the  tobe  is  to  be  gii^pefided,— 
tbe  opposite  poles  of  a  powerful  electro-magnet  !  i  '  iced  on  ejtli^  «de 

of  the  jar.     Then,  if  the  tube  be  suspended  bi^  v,   with  \U  centos 

midway  between  the  poles,  it  will  place  itself  lu  Uie  axial  or  oqnatonAl 
position,  accordingly  aa  the  solution  which  it  contaios  is  Btronger  or 
weiJ^er  than  that  In  the  jar;— and  if  it  be  suspended  vertically  near  to 
one  of  the  poles,  it  will  be  attracted  in  the  former  case  and  repelled  m 
the  latter. 

These  results  suggest  the  consideration  whether  the  ma^eiic  and  diir 
magnetic  conditioufi  of  matter  may  not  be  merely  relative, — whether,  la 
fikct,  all  bodies  may  not  be  magnetic  in  different  degrees,  funning  una 
great  serios  from  end  to  end,  with  air  in  the  middle.  Tbi8  suppoeition  u 
considerably  strengthened  by  a  review  of  the  magnetic  and  dinmagnetiv 
conditions  of  gase^  to  be  immediately  de^ribcd.  A  great,  if  not  ins^upf" 
able,  objection  to  it  h,  however,  that  it  would  oblige  us  to  admit  tliit 
mere  space  is  magnetic^ — since  bismuth  and  all  other  dianiagiietic  bodi- 
exhibit  the  same  phenomena  in  vacuo  as  in  air.  Faraduv.  tbf  reform, 
inclinei*  to  the  supposition  that  dianiagnetics  have  a  speciii-  inti- 

iheticiilly  di«*tinct  from  that  of  ordinary  magnetic  action*    (A   ^  ntAt 

Bese<trcM$  in  EUdridti/,  Series  20  and  21,  FhiL  Trans.  1810,  I.  21.) 

Air  and  other  gaies  exhibit  decided  magnetic  and  dia.magnetie 
relations.  In  his  first  experiments  on  this  suhject,  Faraday  wns  fed  to 
the  concluaion  that  gaseous  bodies  were  iudifferent  to  magnetic  actio&i 
forming  the  zero,  or  middle  point,  between  the  two  classes  of  magaeiiQ, 
and  diamagnotic  bodies.  Bancalari  \ma  however  since  discover©'!  thil 
flame  possesses  diamagne tic  properties;  and  Zantedesclu  has  shown  that 
m  air  and  other  gases  likewise  exhibit  diamagnetic  relations.  The  re- 
■  acarchea  of  these  Italian  philosophers  have  been  confirmed  and  extended 
by  Dr.  Faraday:  the  following  are  the  principal  results. 

An  arrangement  was  made  by  which  a  fctream  of  any  gas  could 

^  delivered  in  a  vertical  direction,  either  upwards  or  downwards,  near 

I  middle  point  of  the  axial  line,  between  two  powerful  magnetic  poles 

I  opposite  names,  but  at  a  short  distance  on  one  side  of  that  line.     By  thi 

B  arrangement  it  was  found  that  the  following  gases  were  driven  away  froj 

the  magnetic  axis  and  pai^sed  off  in  the  equatorial  direction — that  is  t4> 

iay— they  exliibited    diamagnetic    relations   with  regard  to  atmospheric 

K  air:  Nitrogen,  hydrogen,  carbonic  acid,  carbonic  oxide,  coal-gas,  ofefiani 

P  i;as,  sulphurous  acid,  hydrochloric  acid,  hydriodic  acid,  fluoride  of  i-Uicon, 

ammonia,  chlorine,  nitrous  oxide,  and  the  vapours  of  bromine  and  iodine. 

Nitric  oxide  and  hyponitric  acid  were  also  slightly  diamagnetic  in  air. 

Oxygen  was  strongly  magnetic — that  is  to  say,  it  was  drawn  toward.s  the 

axis,  and  then  along  it  in  opposite  directions  towards  the  two  poles,  round 

which  it  accumulated. 

The  first  mentioned  ^^ases  evidently  differed  from  each  other  in 
diamngnotio  CTiergy;  but  it  was  found  impossible  by  the  means  abovo 
described  to  form  anything  like  a  precise  estimate  of  their  relative 
powers.  To  determine  this  point,  the  magnetic  poles  were  surroundedi 
with  an  atmosphere  of  one  gas,  while  the  other  gas  was  directed  in 
vertical  stream,  either  upwards  or  downwards,  near  the  axial  line 
before.  By  this  methml  it  was  found  that  0)  In  carbonk  <icid  ^a$ 
Air  and  oxygen  parsed  nxially;  nitrogen,  hydrogen,  coal  gas,  otefiant 
gas,  hydrochloric  acid,  and  ammonia,  equatorial  ly:  so  also  did  carbonio 
oxide  and  nitrous  oxide, — but  the  action  was  feeble.  (2).  In  coai-^as, 
Air  appeared  magnetic,  though  but  slightly;  oxygen  was  eirongly  nii 
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neticr — nitrogen  wa^  strongly  dianiagnetic;  defiant  gas.  carbonic  oxide, 
and  earbonic  acid,  feebly  so.  (3)  In  hydrogen  gas:  AiFj  when  free  from 
smoke,  passed  axially;  bnt,  when  mixed  with  smoke,  it  was  eitber  in  diffe- 
rent or  paussed  e(|iiatorially;  liyilrogen  gas  and  atmospheric  air  seem  to 
be  not  far  rejixoved  from  one  another  in  the  scale.  Oxygen  wa^a  strongly 
magnetic;  nitric  oxide  also  magnetic,  hut  in  a  less  degree.  Nitrogen  was 
strongly  diamagne tic ;  nitrous  oxide,  carbonic  oxide,  carbonic  acid,  and 
olcfiant  gas  wtire  also  dianmgnetic;  hydrochloric  acid  and  chlorine 
slightly  fio. — Oxygen  appears  to  be  the  most  magnetic  (or  least  diamag- 
netic)  of  all  gasea. 

Wben  a  spiral  of  platinum  wire  was  placed  just  below  the  middle 
point  of  the  axial  line  and  ignited  by  a  voltaic  current,  the  stream  of  hot 
air  which  ro^e  up  against  the  axial  line  wae  deflected  at  right  aoglefi  to 
the  axis,  and  passed  off  in  the  equatorial  direction.  The  8ame  effect  was 
obtained  in  oxygen,  carbonic  acid,  and  coal-gas.  Hence  it  appears  that 
a  heated  gas  is  diamagnetic  to  the  eamo  when  cold. — A  stream  of  cold 
air  directed  downwards  near  the  axial  line,  was  drawn  towards  that  line. 

The  flame  of  a  wax  taper  or  of  burning  ether  also  takes  an  equatorial 
direction  when  placed  in  or  near  the  middle  of  the  axial  line.  When 
placed  a  little  on  one  side  of  the  axis  it  is  directed  away  from  that  line, 
jnst  ns  if  a  gentle  wind  were  blowing  upon  it  in  that  direction.  When 
made  to  ri«e  exactly  in  the  axial  line,  it  divides  itself  into  two  long 
tongues,  directed  at  right  angles  to  the  axis.  This  effect  is  particularly 
striking  with  the  largo  tlame  produced  by  setting  fire  to  a  ball  of  cotton 
soaked  in  ether.  These  effects  are  evidently  analogous  to  those  just 
described  with  hot  air;  but  they  are  doubtless  partly  due  to  the  solid 
carbonaceous  particles  in  the  Jlame,  which  are  known  to  be  diamagnetic. 
In  corroboration  of  tbis  supposition,  it  js  found  that  the  brightest  flames 
are  the  most  strongly  diamagnetic,  (Faraday,  FhiL  Mag,  J,  31,  401  j 
see  also  Zantedeschi,  ib.  31,  421.) 


Addendum, 

Our  knowledge  of  the  Magnetic  Forces  has  lately  received  the  fol- 
lowing most  important  extension.  In  the  Bakerian  lecture,  delivered 
before  the  Royal  Society  on  the  7ll]  of  December,  1848,  ^^  On  the  Crysial- 
Une  Foiariti/  of  Bimnutfi  and  other  Bodies,  and  it^  Relatimi  to  the  Mag- 
netic Form  of  Farce,'' — Dr.  Faraday  states,  that,  in  preparing  small 
cylinders  of  bismuth  by  casting  them  in  glass  tubes,  lie  had  often  been 
embarrassed  by  the  anomalous  results  which  they  gave,  and  that  having 
determined  to  investigate  the  matter  closely,  the  enquiry  ended  in  a 
reference  of  the  effects  to  the  crystalline  condition  of  the  bismuth,  as  may 
be  thus  briefly  stated.  If  bismuth  be  crystjillized  in  the  ordinary  way, 
and  then  a  crystal  or  a  group  of  sjTumetric  crystals  be  selected  and  sus- 
pended in  the  magnetic  field  between  horizontal  poles,  it  immediately 
either  points  in  a  given  direction  or  vibrates  about  that  poi<ition,  as  a 
small  magnetic  needle  would  do, — ^aud,  if  disturbed  from  this  position,  it 
returns  to  it.  On  resuspending  the  crystal,  so  that  the  horizontal  line 
which  is  transverse  to  the  magnetic  axis  shall  become  the  vertical  line, 
the  crystal  points  with  its  maximum  degree  of  force.  If  it  he  again  re- 
suspended,  so  that  the  line  parallel  to  the  magnetic  axis  be  rendered  ver- 
tical, the  crystal  loses  all  directive  force*     Thia  line  of  direction,  which 
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Jf<T  ffic  AjtU  of  tl  I     It  k  I  ^  or  Dearly  ef^ 

tot  I.  \st  find  most  !>'  Lliefourcl  ^  of  the  cfystaJL 

It  is  tbe  iMitue  for  all  crystals  oi  bir^inuth.  WLether  tliiis  magne-cmtftltic 
nxtj!  fff  pnrn^lc!  or  traDsrer&e  to  the  mtignetic  axis,  the  bismuth  is  in  mo4 
SI  a  single  pole  or  frora  the  stronger  of  two  pole»,  itE 
-one  l>eing  in  co  way  affected.  If  the  crystal  be  brokw 
up,  or  If  it  be  la^ed  and  resolidified,  and  the  tnet^  then  subjected  to  fht 
action  of  the  magnet,  the  diamagnetic  phenomena  remain,  ^ut  the  m 
cryetaUic  results  disappear,  because  of  the  confused  an 
line  eondttion  of  the  various  parts.  If  an  ingot  of  1 
up,  and  fragmentary  plates  selected  which  are  crystallised 
throughout,  thcae  also  point, — ^the  o)i'^'"^-'-^y«talljc  axi^  being*  .-  — 
peq)endicular  to  the  chief  plane  of  and  the  extern ai  form, 

this  respect,  of  no  consequence.  TLc  ^:ix-^L  takes  place  when  the  cr^i 
i«  surrounded  by  maeses  of  bismuth,  or  when  it  h  immersed  in  water  ur 
solution  of  sulphate  of  iron,  and  with  as  much  force  apparently  ad  If 
nothing  intervened.  The  position  of  the  crystal  in  the  ma^etic  field  ti 
affected  by  the  approximatiou  of  extra  magnets  or  of  soft  iron;  but  the 
author  attributes  this  result*  not  to  any  attractive  or  repuUire  forc« 
exerted  on  the  bismuth*  but  only  to  the  disturbance  of  the  lines  of  fo 
6r  resnltants  of  magnetic  action,  by  which  they  acquire,  as  it  were,  ne 
forms.     The  law  of  action  appears  to  be  that:  the  Hv^  ./  ma^ 

erpstallic  force  teiids  to  place  itsrlf  paralld^  or  as  a  ^  >  tAe  »wj 

nkic  curve  or  lint  r^f  magnetic  farce  pcusin^  tfaxnif^k  Vie  ptact  irhefr. 
myiiai  is  siiziat^.     Hence  the  crystal  changes   its   dirw'tion  with    any 
change  in  these   lines.      After  noticing  the  mai  lUic  eonditt* 

of  Tarioua  bodies,  the  author  enters  upon  a  cori>  .  of  liA^ 

of  the  m€^ne-^ry$tallic  force.  In  the  first  place,  he  examinee 
whether  a  crystal  of  bismuth  has  exactly  the  same  amount  of 
eion,  diamagnetic  or  otherwise,  when  presenting  its  magne-eryst^if' 
axis  parallel  or  traiisver&e  to  the  lines  of  magnetic  force  acting  u 
it.  For  this  parpoee,  the  crystal  was  suspended  either  from  a  torsi 
balance  or  aa  a  pendulum  thirty  feet  in  length;  hut  whatever  tl 
position  of  the  magne-crystallic  axis,  the  amount  of  repulsion  waa  I 
same.  In  other  experiments,  a  vertical  axis  was  constructed  of  eocooA' 
silk,  and  the  body  to  be  examined  was  attached  at  right  angles  to  it,  aa  a 
radius.  A  prismatic  crystal  of  sulphate  of  iron,  for  instance,  whose 
length  was  four  ttraes  ita  breadth,  was  fixed  on  the  axis  with  \iH  length 
aj5  radius  and  its  magne-crystallic  axis  horizontal,  and  therefore  as 
tangent :  then»  when  this  crv'stal  was  at  rest  under  the  torsion  force  of 
the  axis,  an  clectro-magnetlc  pole,  with  a  conical  teruiinatiou,  was  a% 
plsiced  that  the  axial  line  of  ma^etic  force  should  be,  when  exerte«]J 
oblique  to  both  the  length  and  the  magne-crystallic  axis  of  the  crystals 
and  the  consequence  was,  that,  when  the  electric  current  circulated  rounifl 
the  magnet,  the  crystal  actually  receded  from  the  magnet  under  thd 
influence  of  the  force,  which  tentfed  to  place  tlie  magne-crptalUc  and  tli^l 
magnetic  axis  parallel.  Employing  a  crystal  or  a  plate  of  bismuih,  thw 
body  could  be  made  to  approach  the  magnetic  pole  under  the  influence  oB 
the  magne-cryetallic  force;  and  this  force  is  so  strong  as  to  counteracfi 
either  the  tendency  of  the  magnetic  body  to  approach  or  of  the  diama^ 
uetie  body  to  retreat,  when  it  is  exerted  in  the  contrary  direction.  Heuetn 
the  author  concludes  that  it  is  neither  attraction  nor  repulsion  tha» 
causes  the  set  or  detennines   the  final  poeition  of  a  magne-cryatmUia 
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hodj.  He  next  considers  it  as  a  force  dependent  npon  the  crystalline 
condition  of  the  body^  and  therefore  associated  with  the  ori^nal  malecnlar 
forces  of  the  matter.  He  shows  experimentally  that  as  the  magnet  can 
move  a  crystal^  so  likewise  a  crystal  can  move  a  magnet.  Also  that 
heat  takes  away  the  power  just  before  the  crystal  fuses,  and  that  cooling 
restores  it  to  its  original  direction.  He  next  considers  whether  the 
effects  are  due  to  a  force  altogether  original  and  inherent  in  the  crystal, 
or  whether  that  which  appears  in  it  is  not  partly  induced  by  the  magnetic 
and  electric  forces;  and  concludes  that  the  force  manifested  in  the 
magnetic  field,  which  appears  by  external  actions  and  causes  the  motion 
of  the  mass,  is  chiefly  and  almost  entirely  inducedy  in  a  manner  subject 
indeed  to  the  crystalline  force  and  additive  to  it,  but  at  the  same  time 
exalting  the  force  and  the  effects  to  a  degree  which  they  could  not  have 
approached  without  the  induction.  To  this  part  of  the  force  he  applies 
the  word  MagnetO'CrystaUiCy  in  contradistinction  to  magne-crystallic, 
which  is  employed  to  express  the  condition,  or  quality,  or  power  which 
belongs  essentially  to  the  crjrstal.  In  conclusion.  Dr.  Faraday  remarks 
'^  how  rapidly  the  knowledge  of  molecular  forces  grows  upon  us,  and  how 
strikingly  every  investigation  tends  to  develop  more  and  more  their 
importance,  and  their  extreme  attraction  as  an  object  of  study.  A  few 
years  ago,  magnetism  was  to  us  an  occult  power,  affecting  only  a  few 
bodies;  now  it  is  found  to  influence  all  bodies,  and  to  possess  the  most 
intimate  relations  with  electricity,  heat,  chemical  action,  light,  crystal- 
lization, and,  through  it,  with  the  forces  concerned  in  cohesion ;  and  we 
may,  in  the  present  state  of  things,  well  feel  urged  to  continue  in  our 
labiours,  encouraged  by  the  hope  of  bringing  it  into  a  bond  of  union  with 
fi^ravity  itself."  (AthencBum,  No.  1108,  p.  1266.) 


END  OF  VOL.    I. 
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THE   SECOND   ANNIVERSARY    MEETING 


or  THK 


CAVENDISH    SOCIETY. 


The  Anniversary  Meeting  of  tlie  Cavenpibh  Society  for  the  year 
1849  was  held  at  No,  4,  Gordon  Square^  on  Thursday,  the  Ist 
of  March,  at  three  o  clock  in  the  afternoon. 

The  chair  was  lakeo  by  Thomas  Graham,  Esq.»  F.R.S.,  Pre* 
siDENT,  who  called  upon  the  Seceetaey  to  read 

THE  REPORT  OF  THE  COUNCIL, 

**  The  period  having  arrived  for  holding  the  Anniversary  of  the 
Cavenbish  SociEiT,  ill  accordance  with  tlie  laws  made  at  the  General 
Meeting  in  July  laat,  the  Council  present  to  the  members  a  state- 
ment of  their  proceedings  during  the  time  they  have   been  in 


*•  This  Society,  although  established  in  184d,  was  not  fully  deve- 
loped or  actively  put  into  operation  until  last  year,  when  the  laws 


for  its  goYerDment  were  passed,  and  the  publication  of  its  works 
commenoed.  All  stibacriptiona  whicli  had  been  previously  received 
were  made  to  refer  to  the  year  1848;  and  the  financial  report  which 
the  Coimcii  have  now  to  lay  before  the  members,  will,  therefore,  in* 
clnde  the  whole  receipts  and  expenditure  of  the  Society  up  to  the 
present  time. 

**  At  the  period  of  the  last  General  Meeting,  the  Treasurer  had 
received  the  subscriptions  of  165  members,  in  addition  to  which  the 
names  of  368  gentlemen,  who  had  intimated  their  intention  of  join- 
ing the  Society  when  it  should  commence  operations,  liad  been  com- 
municated to  the  Secretaries.  The  Council  then  in  office  thought 
the  promises  of  support  which  they  had  received  sufficient  to  justify 
them  ill  preparing  the  books  intended  as  the  first  year's  publications 
of  the  Society.  The  volume  of  *  Chemical  Reports  and  Memoirs  * 
wag  nearly  ready  for  circulation  at  the  time  of  the  General  Meeting, 
and  its  distribution  was  commenced  soon  afterwords*  The  first 
volume  of  the  translation  of  GarELiN  s  »  Handbook  of  Chemistry  * 
has  been  subsequently  completed*  and  this  also  is  now  in  the  hands 
of  members.  While  these  works  have  been  in  course  of  circulation, 
the  Council  have  been  anxious  to  extend  the  limila  of  the  Society, 
with  the  view  of  increasing  the  benefits  to  each  individual  member, 
and  of  promoting  the  general  advantages  resulting  from  a  wider 
diffusion  of  scientific  knowledge* 

"  Butt  although  many  new  members  have  been  obtained  within 
the  last  few  months,  some  of  those  whose  names  had  been  in- 
cluded among  the  founders  of  the  Society  have  not  completed 
their  membership,  and  the  numbers  are  yet  insufficient  to  en- 
able the  Council  to  isane  more  than  two  volumes  for  the  first 
year.  They  truftt,  however*  it  vM  be  aatieftwitory  to  the  memberB 
to  find  that,  with  their  present  limited  numberB,  one  years  income 
will  be  nearly  sufficient  to  defray  the  expenses  which  have  been 
incurred  since  1841},  in  founding  the  Society,  advertising  its  ob- 
jects, and  publishing  two  bc»oks,  of  which  there  have  been  piinted 
several  hundred  copies  beyond  those  required  for  immediate  dis- 
tribution. 


**  In  looking  to  tbe  prospeota  of  the  present  year  (1849),  the 
Council  think  there  is  reason  to  expect  a  considerable  accessiou  of 
TDetubers ;  an  increase  for  which  they  have  prepared,  by  printing  a 
larger  number  of  the  volumes  for  1849  than  have  hitherto  been 
reqiiired^  under  tbe  impression  that  most  new  members  will  desire 
to  possess  the  works  of  tbe  Society  from  the  commencement. 

"  If  tbe  increase  of  members  be  commensurate  with  the  expecta- 
tions which  have  been  formed,  the  Council  will  be  enabled  to  issue 
three  books  for  this  year*  including  the  second  and  third  volumes  of 
the  translation  of  GiiBLnf^s  *  Chemistryi*  which  are  already  in  a 
forward  state  of  preptiration.  They  are  gratified  to  find  that  the 
first  volume  of  this  work  has  been  very  favourably  received  by  the 
members  generally ,  and  they  doubt  not  that  this  and  tbe  succeeding 
parts  of  the  translation  will  fully  sustain  the  high  character  wbitih 
tbfl  original  has  for  many  years  borne  na  a  comprehensive  system  of 
cbemistry,  and  a  most  valuable  book  of  reference.  Arrangements 
will  be  made  for  completing  thia  work  with  aa  little  delay  as  pos- 
sible. 

*•  The  selection  of  a  succession  of  suitable  works  for  publication 
by  the  Society  has  repeatedly  engaged  llie  att€ntion  of  the  Council, 
who  have  been  desirous,  with  a  due  regard  to  tbe  prinjciples  upon 
which  the  Association  is  founded»  to  make  its  publications  ueeful  and 
interesting  to  the  members*  whilst,  at  the  same  time*  tbey  conduce 
to  the  advancement  of  chemical  science.  Several  years  will  neces- 
sarily elapse  before  the  publication  of  the  translation  of  Gmelins 
*  Chemistry'  can  be  completed;  but  it  is  proposed  that,  during  tliis 
time,  the  members  shall  receive  at  least  one  volume  each  year  of 
some  other  work.  It  was  decided  that  the  *  Life  and  Works  of 
Cavendish  *  would  form  a  suitable  volume  to  be  issued,  in  addition  to 
two  volumes  of  the  *  Handbook '  for  the  present  year,  and  the  Council 
have  accordingly  made  arrangements  to  that  effect  with  Dr.  Wilson, 
of  Edinburgh »  who  has  undertaken  to  prepare  *A  Sketch  of  the 
Life  of  Cavendish,  a  full  discussion  of  the  Water  Question,  and 
abstracts  of  his  other  papers*  with  notes  or  comments  bringing  them 
up  to  the  present  state  of  Chemistry,' 


I 


**  Among  other  works  which  have  been  suggested  to  form  single 
volumes,  are, 

**  U.  An  abridgment  of  Persoz'  work  on  the  Art  and  Theoiy 
of  Dyeing  aiid  Calico  Printiog,  comprising  the  most  practically  im- 
portant part  of  the  valuable  details  contained  in  the  original  work, 
together  mth  a  series  of  illngtrations ;  which  Mr,  John  Graham,  of 
Manchester,  undertakes  to  edit. 

**  3.  A  Translation  of  the  Essays  of  Sadssuhe,  on  the  Chemistry 
of  Vegetation,  together  with  the  Essays  and  Memoirs  of  Hales, 
Ingenhouz,  Sennebter,  Priestley,  Wieomakn  and  Polstorf,  on 
the  same  subject 

**  Several  works  of  a  more  voluminous  character  have  also  been 
suggested  or  brought  under  the  notice  of  the  CouncU»  among  which 
are, 

*'  4.  Rakm£Lsb£Ro'8  *  Dictionary  of  the  Chemical  part  of  Mi- 
neralogy.' 

"  6.  Kopp*8  '  History  of  Chemistry/ 

**  6.  A  Bibliography  of  Chemistry  for  the  present  century,  con- 
taining a  complete  list  of  the  papers  published  on  chemical 
aubjects, 

**  T.  Otto's  '  Economic  Chemistry/ 

"  8.  Bisohof's  '  Elements  of  Chemical  and  Physical  Geology/ 

**  The  Council  are  convinced  that  there  is  a  great  abundance  of 
matter,  not  otherwise  available  to  the  English  reader,  the  acquire- 
ment of  which,  through  the  agency  of  this  Society,  would  greatly 
benefit  the  working  chemist,  whilst  it  might,  at  the  same  time,  be 
rendered  conducive  to  the  extension  of  a  taste  for  scientific  Utera- 
tnre.  To  ensure  the  full  attainment  of  these  benefits,  however,  it 
will  be  necessary  that  the  limits  of  the  Association  should  he 
extended;  and  it  is  hoped  that  the  members  will  individually 
exert  themselves,  in  co-operation  with  tlie  Comicil.  for  effecting  a 
realization  of  the  objects  originally  contemplated  in  the  establish- 
ment of  the  Cavenbish  Society/' 
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The  SECEETiLEY  itatod  that  the  Ikbilities  of  the  Society  amouii ted 
to  about  £300,  which  principally  related  to  the  publication  of 
GMELiN^a  "  Handbook  of  Chemistry,*'  then  in  course  of  circulation* 
To  meet  these  cSebts,  thej  had  £Ml  in  hand,  and  there  were  sub- 
Bcriptions  duo  for  1848|  not  yet  receiTed  from  the  country,  amonnt- 
ing  to  about  £100.  The  income,  therefore,  would  just  meet  the 
eitpenditure,  while,  at  the  same  time,  the  Society  possessed  a  lar^e 
stock  of  books  for  supplying  new  members. 

It  was  tlien  moved  by  Mr.  T.  N,  R  Moesoh,  seconded  by  Dr, 
G-,  D,  Long  STAFF,  and  resolved, 

**  That  the  Report  just  read  be  received  and  adopted  " 

The  Pbesident  said  that  the  next  busbess  would  consist  in  the 
election  of  officers  for  the  ensuing  year* 
A  ballot  having  taken  place,  the  following  were  declared  to  h&vQ 

been  duly  elected  :— 

PjwsfMSoiL  Graham,  P.EJ. 
VCre^lrratHenti. 


ABTVirm  ATwntg  Biq.,  F.G,8, 

KarI*  of  BtrsLi3JQTo?r^  RR.S, 
Professor  T.  Clare,  M.D. 
PnaFESsoR  Daubeitky,  F.K,S. 
MioHAxi.  Farad  AT,  D.C.L,,  F.R.S. 


Jaoob  Bell,  Egq. 
GoLDiNa  Bird,  M.D.,  F.R.S. 
Benjamin  C.  Brodie,  Esq. 
Warren  Delarue,  Esq. 
J.  P.  Gassiot,  Esq.,  F.E.S. 
J.  J.  Griffin,  Esq. 
T.  H.  Henry,  Esq.,  F.R.S. 
A.  W.  HOPMANN,  Ph.D. 


Ret.  Wm.  Yibmo»  HAHdotrmT,  F.B.S. 
Sir  E.  Kahb.  M.a,  M.RJ.A. 
Th^  Marquis  of  KyaTnAMProjf,  P.R.g. 
Richard  Phillifs,  Esq.,  F.H.S- 
William  Paout,  M.D.,  F.R.a. 
JAMsa  Thomsok^  Esq.,  F.E>a, 

<zrounrtI. 

G.  D.  Lonostafp,  M.D. 
W.  A.  Miller.  M.D.,  P.R.S. 
Jonathan  Pbreira,  M.D.,  F.R.S. 
Lyon  Playpair,  Ph.D.,  F.R.S. 
Edmund  Ronalds,  Ph.D. 
Robert  Warinoton,  Esq. 
Alfred  White,  E«q.,  F.L.S. 
Colonel  P.  Yorrb. 


CreaBurer. 
Henry  Beaumont  Leeson,  M.D.,  St  Thomas's  Hospital. 

Theophilus  Redwood,  Esq.,  19,  Montague  Street,  Russell  Square. 
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It  was  moved  by  Mr,  Arthur  Taylob,  seconded  by  Mr,  J.  H. 
Gladstone,  and  resolved, 

"  That  Dr,  Shabpey,  Wm.  FeEguson,  Esq,,  and  T,  N.  K. 
MoESON,  Esq.,  be  appointed  to  act  as  auditors  for  the  year 
ensuing/' 

The  folbmng  resolutions  were  then  proposed  and  unanimously 
adopted  :— 

Moved  by  Mr.  F.  Eubaix,  seconded  by  Mr,  T.  N.  R.  MoBfiOH, 
**  That  the   thanks  of  the  meeting  be  given  to  the  Pbb- 
£IDENT,  TRE&stftEa,  CouHGiL,  ond  Secbktaey,  for  their  ser- 
vices to  the  Society/* 

Tlie  PRESTDENT.  in  returning  thanks  to  the  meeting,  on  the  part 
of  the  OMcers,  desired  to  acknowledge  iu  a  particular  manner  their 
deep  obligations  to  Mr.  WARtxoTON  for  the  constant  and  valuable 
services  which  he  had  rendered*  as  Honorary  Secretary,  from  the 
first  foundation  of  the  Society  up  to  the  present  Ajiniversary,  when 
he  retires  from  that  office. 

Moved  by  Mr.  W.  J.  Russell,  seconded  by  Dr.  G.  D.  LoMd* 

STAFF, 

*'  That  the  thanks  of  the  meeting  he  given  to  the  Honobaiiy 
Local  Secretaries  for  their  services  to  the  Society." 

Moved  by  Mr,  T.  N.  R.  Mobson,  seconded  by  Dr.  G.  D.  Loixa- 

staff, 

**  That  the  thanks  of  the  meeting  be  given  to  the  President, 
for  the  kind  accommodation  he  had  aibrded  to  the  Society  in 
allowing  the  meetings  to  be  held  at  his  house.'" 

The  meeting  was  then  adjourned. 

THEOPHILUS  REDWOOD,  Secretary, 

19,  Montague  Street,  llussell  Square. 
Makch  l9T,  1849. 


Collector,  Mr,  Lvke  Culufqrd,  d4,  Soho  Square. 


Il^onotar))  Hocal  Ibccretartrs.                    ^^M 

Aherd^en-^Dt,  N,  RattrBj, 

ffetston—Q.  W.  Moyle,  Biq.              ^^^| 

j46er^t«itny— Eobert  Falkencr,  Biq. 

lIcrt/<^rd-^T>r.  John  DaTWi.               ^^^| 

iJoO^T.  P.  Tylee,  B*q. 

JTexAam^-John  Nicholson,  Eiq.                   ^| 

Btoei»—W,  E,  Crawfoot,  Eiq. 

ffortham—P.  Sne\hng,  Efq.                          B 

Bedford— W.  Blower,  E»q, 

iSTKi^-Thoiuu  PearaaU,  B»q.                       fl 

Be^att—hr.  J,  F.  Hodgca, 

Z«imiii^<(m— W.  A.  Sondall,  Eaq.            H 

1                                    3irminff/uim—lyr.  John  P«rcy,  F.B,8. 

Xm<{«^W.  S.  Ward,  Eiq.                           ■ 

Bodmin— Ty.  F.  Tyennan,  E«q. 

Leietttir—J.  H.  Stallard,  Esq.                   H 

^H                           Brtftof— Wm.  Herapath,  Eiq. 

Jr<w£r«t#-J.  Mayer.  Eaq,                            ■ 

Maidttone—Dtrid  Walker,  Eiq.                 ■ 

^                             F.iLa 

MancAater—John  Gnham,  Eiq.                 ■ 

2fe»omUe^n-Tyne—J>T,  T.  Eiduudioa.     H 

ChilUnham—iiuihimB]  Smith,  Esq. 

C»«*f*r— Dr>  W.  Mac  Eweti, 

Rogen,  Eiq.                                         ■ 

Virtnetiier — Pr,  John  Blyth. 

.Ar<»nmcA.- William  Stark,  Esq.                    H 

1                                    Clifton— Q.  F.  Schacht,  Eiq. 

Nottingham— I>T.  Thoi.  Wright.                 H 

ei>^dU«(«r-E.  WilUaini,  S>q. 

Ptymmth—J.  Prideaux,  Eiq.                      H 

Cork— Th&m&M  Jennioge,  E«q, 

Poole— J.  %  BloomBeld,  Esq.                     H 

CovcrUry-^ John  Bury^  Esq. 

PortrmoueA— W.  J.  Hay,  Biq.                     1 

Dgrh^ — Dr.  A.  J,  Bernay*. 

Rydt  {hU  qf  ir{^A/)_Dr.  BelJ  Salter.       H 

Btihiin — Dr.  J,  Apjolm- 

Sl  EtUn'i  (Z,«*w.)— E.  Whyte,  Esq.           H 

Ihtdi^f^-E.  Hollier,  Biq. 

Saluhury—Bt.  Brasiey  R.  Hale,                H 

Dm^fries—'W.  A.  F.  Browne,  Biq. 

S4#^f^.— Jamei  Haywood,  Esq.                 H 

Dmrham     William  Clark,  Esq. 

SidmoutA  {DfVQn)—J>T,  W.  CuUen»            H 

j                                   Edinhm^h-lir.  Thm.  Andenon. 

^oKtAam/j^on— W.  B.  Baodoll,  Eiq,            H 

Evesham— J.  E,  Porter,  Eiq. 

<^Coc^rt:^«L_Ed.  Fmnkland,  Esq.              H 

^«ter— John  P&lk,  Kftq, 

Sieaiuea — Bbenezer  Peane,  Eiq,                 ^M 

Fumltam — W.  Newnham,  Esq. 

Torquay— "Dt.  Glass  Black.                         H 

G^r/oiff— Walter  Crum,  E»q.,  F.E.S. 

Tntrp^W.  F.  Karkeek,  Eiq.                     H 

6H4>HC€ster—E.  W.  Rwmsey,  E«q. 

WhikMav^n— John  B.  Wilson,  Em}.           H 

(?o#jw»r«— Dr.  Jamea  Allan, 

0*i#r»M#y— Dr.  E.  Hookini,  P.E.8. 

Wolv^kampion—B.  WaUEo-,  Esq*              H 

Bali/ax— Jfjhn  W.  Garlick,  M.D. 

For^— W.  G.  Procter,  Biq.                        H 

^^^^^^^H                           G.  WoodfAl]  utd  Son,  FrlDl«ri.  Ani 

set  CcKirt,  Sklaaer  Strast.  London.                 ^^^H 
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